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ABSTRACT 
Cytokines play an important role in regulation of 
T cell responses. Two T helper cell subsets have been 
identified in some species and are defined by their 
cytokine secretion profiles. Thl cells produce IL-2 and 
IFN-Y, whereas Th2 cells express IL-4, IL-5, and IL-10. 
Precursor T cells that express a mixture of these 
cytokines are considered ThO cells. It is hypothesized 
that primary infections of Brugia pahangi in gerbils 
induce an initial ThO or Thl like response which with 
time becomes a Th2 like response. To test this dynamic 
parasitism induced shift in cytokine profile, it is 
necessary to measure the expression level of cytokines 
that differentiate the Thl and Th2 responses. 
For this purpose, the full length cDNAs of gerbil 
IL-2, IL-4, IL-5, IL-10, IFN-y and HPRT were first 
isolated using cross-species PCR, inverse PCR or RACE 
and conventional PCR techniques. Subsequently, a 
competitive RT-PCR ELISA for quantitation of gerbil 
cytokine mRNAs was developed. Using this assay, the 
profile of gerbil cytokine response was measured during 
a primary infection of Brugia pahangi. Increased levels 
of IL-2, and IL-5 were seen during the initial stages 
of the infection at 14 to 28 days post-infection (DPI). 
An increase in IL-4 was first detected 28 DPI in renal 
lymph nodes and continued to increase during the 
xii 
in fec t ion . Increased levels of IL-10 were f i r s t seen in 
the spleen 56 DPI and in a l l t i s s u e s a t 150 DPI. These 
i n i t i a l r e s u l t s are in agreement with the hypothesis 
proposed. 
In addi t ion to the development of t h i s cytokine 
measuring method, ge rb i l IL-2 cDNA was expressed in 
both euca ryo t i c and p rocaryo t i c expression systems. 
Pure and functional recombinant ge rb i l IL-2 (gIL-2) was 
obtained using the pMAL procaryot ic •sys tem. Further, 
n e u t r a l i z i n g an t i -g IL-2 an t i bod i e s were r a i s e d in 
r abb i t s . 
The immunological r eagen t s produced plus the 
cy tok ine q u a n t i t a t i o n assay e s t a b l i s h e d make i t 
possible t o i n i t i a l l y measure immunologic responses in 
the g e r b i l . These types of measurements w i l l advance 
t h e unders tand ing of immunologic and pa tho log i c 
responses of f i l a r i a s i s , using the gerbil-Brugia model. 
These methodologies a lso w i l l expand the usefulness of 
t h i s unique labora tory animal, in s t u d i e s of o the r 
d iseases . 
x i i i 
CHAPTER ONE 
INTRODUCTION 
1.1 An Overview of the Dissertation 
Immune responses to infectious and parasitic 
diseases are mediated in part by cytokines. Initial 
studies have indicated that these proteins play an 
important role in the regulation of immune and 
inflammatory responses seen in human lymphatic 
filariasis. The overall goal of the studies described 
in this dissertation was to measure the cytokine 
profiles in lymphoid tissues of a laboratory animal 
model of human filariasis during a primary infection. 
The animal used was the Mongolian gerbil (Meriones 
unguiculatus). in order to conduct these experiments it 
was first necessary to isolate gerbil cytokine cDNAs of 
interest, and based on the sequence data of these 
molecules develop a quantitative method to measure 
cytokine mRNA. A competitive RT-PCR ELISA procedure was 
developed for this purpose. 
1.2 Cytokines 
"Cytokine" is one term for a heterogeneous group 
of soluble cell regulators, variously called 
lymphokines, monokines, interleukins and interferons. 
These factors are produced by a wide variety of cells, 
both lymphoid and non-lymphoid, which induce similar, 
distinct, synergistic, or even contradictory signals. 
1 
This heterogeneous group of proteins has a number of 
common characteristics: 1. Cytokines are involved in 
immunity and inflammation where they regulate the 
amplitude and duration of a response. 2. Cytokines are 
low molecular weight (< 80 K Da) secreted proteins 
which are often glycosylated. 3. They are usually 
produced transiently and locally, having very short 
half-lives. 4. Cytokines are produced in very small 
quantities but are extremely potent, generally acting 
at picomolar concentrations. 5. They interact with 
high-affinity cell surface receptors specific for each 
cytokine or cytokine group. 
The role of cytokines in the regulation of 
cellular immune phenomena has focused attention on 
cytokines produced by T-cells. Two very distinct 
cytokine secretion patterns were originally defined 
among a panel of mouse T-cell clones (Mosmann et al., 
1986, 1991). These T-cell types were termed Thl and 
Th2. Thl, but not Th2, cells produce interleukin 2 (IL-
2), and gamma-interferon (IFN-y), whereas Th2, but not 
Thl, cells express IL-4, IL-5, IL-6 and IL-10. The Thl-
and Th2-cell patterns are well-defined and stable, at 
least in tissue culture. Evidence from strong immune 
responses, in both mice and humans suggests that Thl-
and Th2-cell patterns occur and are important in vivo. 
In general, Thl cells mediate delayed type 
h y p e r s e n s i t i v i t y (DTH) r e sponse and macrophage 
ac t iva t ion responses. DTH can be very ef fec t ive against 
i n t r a c e l l u l a r p a r a s i t e s , whereas Th2 c e l l s , by inducing 
s t r o n g a n t i b o d y r e s p o n s e s and immediate type 
h y p e r s e n s i t i v i t y , may be more important for dea l ing 
w i t h e x t r a c e l l u l a r organisms and t h e i r s e c r e t e d 
p roduc t s . Thl and Th2-ce l l s have a c ross - regu la to ry 
nature through t h e i r cytokine ac t ion . For example, IFN-
y i n h i b i t s Th2-, but not T h l - c e l l p ro l i fe ra t ion , 
whereas IL-10 i n h i b i t s the synthes is of cytokines by 
Thl but not Th2 c e l l s . Through t h i s i n t e r a c t i o n , 
cytokines may down-regulate immune responses (Llorente 
e t a l . , 1 9 8 9 ; Spi t s e t a l . , 1988) and indeed regulate 
the production of one another (Fiorentino e t a l . , 1989; 
Moore e t a l . , 1990). Further , the absence of cytokines 
following an t igenic s t imula t ion of the immune system 
has been suggested as c r i t i c a l in the induct ion of 
tolerance (Nossal, 1989). Research on the mechanisms of 
how uncommitted (ThO) c e l l s are d i f fe ren t i a ted in to Thl 
or Th2 c e l l s has advanced considerably s ince a new 
cytokine, IL-12, was iden t i f i ed (Scot t , 1993). Several 
b a c t e r i a , protozoa and l i k e l y some v i ruses stimulate 
t he product ion of IL-12 by macrophages. IL-12 then 
d i r e c t s the d i f fe ren t i a t ion of ThO c e l l s toward the Thl 
s u b s e t . Other pa thogens , p a r t i c u l a r l y helminths, 
stimulate IL-4 and IL-13 production which likely drive 
ThO cells in the Th2 direction. 
The application of molecular biological techniques 
for cloning genes and expressing recombinant proteins 
has improved our ability to clarify the role of these 
hormone-like proteins in the immune response. Since the 
molecular cloning and expression of interleukin 2 
(Taniguchi et al., 1983), more than a dozen 
immunoregulatory molecules have been cloned and 
sequenced (Howard et al., 1993). 
Various methods have been described for measuring 
cytokine production. Bioassays were initially developed 
for this purpose. These assays rely on the availability 
of cytokine dependent cell lines or other systems to 
detect cytokines in body fluids or the supernatants of 
cultured cells. Although such an approach continues to 
be used, it is essential to emphasize the need for 
caution in the interpretation of data obtained using 
these assays to measure cytokines in complex biological 
fluids. Bioassays may not exclusively measure the 
activity of one and only one type of cytokine unless 
specific blocking antibodies are used (Murtaugh and 
Myers, 1995). Hence, detection of specific cytokines by 
bioassays has proved difficult. On the other hand, 
antibody based assays such as enzyme-linked 
immunosorbent assay (ELISA) (Gaffney et al., 1991), 
immunohistochemistry (Bradding et al., 1995), 
fluorescence-activated cell sorter (FACS) analysis 
(Sander et al., 1991), and enzyme-linked immunospot 
(ELISPOT) assay (Czerkinsky et al., 1991), have proved 
to be more specific and useful. Each of these has 
advantages, depending on different experimental needs. 
The main drawback to development of these assays is the 
necessity of generating specific antibodies. In 
contrast, assays designed to measure cytokine mRNA are 
highly sensitive and do not require the preparation of 
specific antibodies. The rationale for evaluating 
cytokine protein levels through the measuring of their 
mRNAs is that the regulation of cytokines is 
transcriptional and at the level of mRNA stability 
(Gilliland et al., 1990). Some researchers (Kramnik et 
al., 1993) even argued that determination of cytokine 
gene expression is a more appropriate approach to 
evaluate cytokine functional activity in complex cell 
mixtures, because consumption of cytokine by receptor-
bearing target cells present in heterogeneous 
populations may lead to incorrect conclusions 
concerning the capacity for cytokine production by a 
particular cell subset. These methods include in situ 
hybridization, RT-PCR, and northern blotting (Dallman 
et al., 1991) as well as RNase protection (Haines and 
Gillespie, 1992). 
Although RT-PCR is the most sensitive method, a 
major concern is its accuracy and reproducibility due 
to the number of steps involved in this procedure. 
Furthermore, PCR is an exponential amplification 
process, and it is often difficult to be sure that PCR 
has not reached a plateau (Siebert and Larrick, 1992). 
A number of PCR procedures have been reported (Brenner 
et al., 1989; Gebhardt et al., 1994; Gilliland et al., 
1990; Kanangat et al., 1992; Kramnik et al., 1993; 
Melby et al., 1993; Murphy et al., 1993; Siebert and 
Larrick, 1993; Svetic et al., 1991; Wynn et al., 1993). 
Efforts have been made toward the improvement of this 
method. One of these is the introduction of competitive 
RT-PCR. In this procedure, co-reverse-transcription of 
the target mRNA and mutant competitor RNA, and co-
amplification of the both cDNAs are performed in the 
same reaction with the identical primers. More 
recently, a procedure combining competitive PCR with a 
microtiter ELISA format detection system has been 
reported (Kohsaka et al. , 1993; Taniguchi et al., 
1994). This so called competitive RT-PCR ELISA is an 
efficient and non-radioactive quantitation method. It 
was the method chosen to be developed for gerbil 
cytokine mRNA measurements. The Brugia-gerbil model of 
lymphatic filariasis provided an experimental framework 
t o measure cytokine expression during the course of a 
f i l a r i a l infect ion. 
1.3 Lymphatic F i l a r i a s i s 
Human lymphatic f i l a r i a s i s caused by the nematode 
p a r a s i t e s Wuchereria bancrofti, Brugia malayi, and 
Brugia timori a f f e c t s up t o 120 m i l l i o n peop le , 
p r i m a r i l y in sub -Saha ran A f r i c a , t h e I n d i a n 
subcontinent and south Asia (Ottesen and Ramachandran, 
1995; WHO, 1992). The c l i n i c a l symptoms of t h i s 
in fec t ion can be roughly grouped in to five ca tegor ies 
(Ottesen, 1980, 1984, 1989): 1. Endemic normals are 
those individuals who, although cont inual ly exposed t o 
f i l a r i a l infected mosquitoes, show nei ther symptoms of 
d i s e a s e nor d e m o n s t r a b l e m i c r o f i l a r e m i a . 2 . 
Asymptomatic microf i laremics are those who show no 
s i g n s of c l i n i c a l d i s e a s e , but have c i r c u l a t i n g 
microf i la r iae (MF). 3. Acute disease pa t i en t s are those 
who may or may not be microfi laremic, but often suffer 
from r e c u r r e n t f i l a r i a l f eve r s accompanied by 
lymphadenitis and lymphangit is . 4 . Chronic lymphatic 
pathology p a t i e n t s a re those t h a t have developed 
chronic lymphatic obst ruct ion, including e l ephan t i a s i s . 
5. Tropical pulmonary eosinophi l ia (TPE), exhibi ted by 
only a small percent of the infec ted popula t ion , i s 
marked by hypereosinophilia, enlargement of lymph nodes 
and asthma-l ike symptoms, individual immune responses 
to lymphatic filarial infection are thought to play an 
important role in the development of clinical disease, 
and the different outcomes observed. The definition of 
mechanisms responsible for the induction and down 
regulation of pathogenic responses to the parasite 
remains a major question in filariasis (Nutman, 1995). 
Adult worms normally reside in the lymphatic 
vessels and lymph nodes of the definitive host. Mature 
females produce microfilaria that migrate to peripheral 
blood. Microfilaria circulate in the blood where they 
are ingested with a blood meal by an appropriate 
species of mosquito intermediate host. The parasite 
then undergoes two developmental molts becoming an 
infective third stage larvae (L3). The L3 migrate from 
the mosquito mouthparts and enter the definitive host 
through the bite wound when the vector next feeds. 
Within the host, the parasite undergoes two subsequent 
molts, through an L4 stage, during and after its 
migration to the lymphatics, where it lives as an adult 
(Nutman, 1995). 
A number of animal species infected with Brugia 
pahangi or B. malayi have been used as models for 
lymphatic filariasis. Each has some advantages and 
disadvantages. Complete development of Wuchereria 
bancrofti in the silver leaf monkey can be successfully 
achieved (Palmieri et al., 1980). Use of this model, 
however, is hampered chiefly by the scarcity of the 
host. Murine species, though immunologically well 
characterized, are non-permissive hosts and do not 
allow completion of the parasite life cycle (Suswillo 
et al., 1980; Lok and Abraham, 1992). Brugia spp. do 
undergo complete development in athymic mice, but use 
of this immune deficient animal is limited with respect 
to studies of immunopathologic mechanisms (Vickery et 
al., 1985). Dogs and cats are natural hosts for B. 
malayi and B. pahangi. Although some immunologic 
reagents are available, these animals are expensive, 
outbred, and they are not easily handled (Lok and 
Abraham, 1992). The benefits of working with the small, 
inbred, easily handled Mongolian gerbil (Meriones 
unguiculatus) make it the most widely used animal model 
of lymphatic filariasis (Philipp et al., 1984; Klei, 
1991). 
The gerbil is a permissive host for B. pahangi. 
Following subcutaneous infection with the third-stage 
larvae (L3), parasites localize within lymphatic vessel 
and lymph nodes producing lesions morphologically 
similar to those seen in man (Conner et al., 1986; 
Vincent et al., 1980; Jeffers et al., 1987). Regulation 
of the immune response in infected gerbils also mimics 
the phenomena seen in human lymphatic filariasis (Klei, 
1991). The hallmark of immune regulation in human 
patients who are asymptomatic and microfilaria-positive 
is hyporesponsive to the parasite antigen when assessed 
by cell proliferation, circulating antibody and in 
vitro antibody production, and IFN-y and IL-2 
production in vitro. In the gerbil-B. pahangi model, 
microfilaremia when established is persistent, and 
gerbils do not develop a protective resistance to 
reinfection unless immunized. Cultures of splenocytes 
and renal lymph node cells show an antigen-specific 
decrease in blastogenesis after patency. Thus, gerbils 
are a suitable animal model for study of the 
hyporesponsive condition seen in the lymphatic 
filariasis patients. The general features of the 
parasitologic, pathologic and immunologic events during 
a primary infection of male gerbils initiated by a 
single subcutaneous (SC) inoculation of L3 have been 
defined and are summarized in Fig. 1 (Klei et al., 
1990; McVay et al., 1990; Rao et al., in press). The 
current major effort in filariasis research is to 
characterize the dynamic factors in the filarial 
parasite-host interaction which are responsible for the 
induction and down regulation of lymphatic lesions 
produced by these nematodes (Klei et al., in press). 
However, studies on the immunological phenomena in the 
Brugia-gerbil model have been limited by the lack of 
reagents and defined immunologic assays for use in 
gerbils. This area of research, particularly as it 
relates to cytokine expression patterns, was the focus 
of this dissertation. 
1.4 The Role of Cytokines in Immune Responses to 
Nematode Parasites 
As with other infectious agents, nematodes induce 
both Thl and Th2 like cytokine responses. The outcome 
of infection, whether pathologic or protective, appears 
to be controled to some degree by the type of response 
which develops. 
In murine models for Nipostrongylus brasiliensis 
(Urban et al., 1992), Heligmosomoides polygyrus (Svetic 
et al., 1993) and Trichuris muris (Else et al., 1992), 
the induction of Th2 response is protective, whereas 
the Thl response is pathological. Generally speaking, 
Thl responses appear to be important for protection 
against intracellular parasites, while Th2 responses 
seem to be important for protection against 
multicellular parasites (Urban et al., 1992). 
Murine systems have been used to study the role of 
cytokines in lymphatic filariasis. Immunologically 
intact BALB/c mice are not permissive hosts for Brugia, 
however, parasites do survive for varying periods of 
time depending on the life cycle stage used and route 
of inoculation (Lok and Abrahan, 1992). Brugia 
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subcu taneous i n o c u l a t i o n of L3 ( K l e i e t a l . , 1990; 
McVay e t a l . , 1990 ; Rao e t a l . , i n p r e s s ) . 
A b b r e v i a t i o n s RLN, SPL, and ALN s t a n d for r e n a l lymph 
node, s p l e e n , and a x i l l a r y lymph node r e s p e c t i v e l y . 
intravenous (IV) inoculations of MF or MF extracts, 
irradiated L3, and adults implanted intraperitoneally 
(IP) induce a dominate Th2 cytokine response (Pearlman 
et al., 1993; Bancroft et al., 1993; Lawrence et al., 
1994). This response in sensitized mice correlates with 
the more rapid removal of MF (Pearlman et al., 1993) 
and killing of L3 (Bancroft et al., 1993). Pretreatment 
of mice with IL-12 causes a shift from the Th2 
dominance of this response but fails to alter the anti-
MF response (Pearlman et al., 1995). Although the 
immunological phenomena from these types of studies 
using nonpermissive hosts can not be related directly 
to pathogenic or natural parasitological events that 
occur in permissive hosts, these data suggest that 
modulatory cytokines may be responsible for the 
induction, maintenance and regulation of the immune 
responses in filarial infection, by shifting of Thl and 
Th2 type cytokine expression. 
A number of studies in human filariasis patients 
have been reported. When antigen-induced cytokine 
production was examined, most patients with 
microfilaremia were unable to produce either IL-2 or 
IFN-y (ie., were nonresponders), and the few who could 
(hyporesponders, generally with quite low 
microfilaremia levels) did so at levels significantly 
less than those of patients with elephantiasis, all of 
whom showed strong responses to parasite antigen 
(Nutman et al., 1987). Antigen-stimulated IgE 
production in patients with filariasis is mediated by 
IL-4 and down regulated by IFN-y (King et al., 1990). 
Asymptomatic microfilaremic patients showed a 
predominant Th2 response, compared to a Thl response in 
amicrofilaremic individuals with chronic lymphatic 
obstruction. The depressed specific T-cell anergic 
state was caused by the cross regulation of the Thl 
subset by IL-10 and IL-4 as well as TGF-.B. Neutralizing 
anti-IL-10 or anti-TGF-Ji significantly enhanced 
lymphocyte proliferation response to filarial Ags in MF 
individuals (King and Nutman, 1991; King et al., 1993). 
These data suggest that modulatory cytokines may 
be responsible for the up or down regulation of the 
immune responses seen in filarial infections. For this 
reason, the characterization of the cytokine profile of 
gerbils, the most suitable permissive laboratory hosts 
for filariae, during a primary of filarial infection is 
the focus of this dissertation. 
1.5 Hypothesis and Objects 
Observations from studies of filariasis patients 
and Brugia infections of mice, described above, suggest 
that cytokine profiles vary during filarial infection. 
Further, it is hypothesized that these parasite induced 
changes in cytokine patterns regulate the formation and 
i n i t i a t i o n of p a r a s i t e a s soc ia t ed l e s i o n s (Nutman, 
1995). 
Experiments conducted in t h i s d i s s e r t a t i o n were 
designed to t e s t the hypothesis t h a t primary infec t ion 
of B. pahangi induces an i n i t i a l ThO or Thl l i k e 
response which with time becomes a Th2 response. This 
change would correspond to an increase and subsequent 
dec rease in p a r a s i t e a s s o c i a t e d l e s i o n s seen in 
in fec ted g e r b i l s , t he onset of microf i l a remia , and 
induction of the hyporesponse immune s t a t e seen in t h i s 
model. 
To t e s t t h i s hypothes is , the following spec i f i c 
aims have been f u l f i l l e d : 
• To i s o l a t e , and c h a r a c t e r i z e c e r t a i n impor tant 
g e r b i l cy tok ine cDNAs t h a t would be use fu l in 
d i f f e r e n t i a t i o n of the Thl and Th2 l i k e response . 
These include IL-2, IL-4, IL-5, IL-10, and IFN-y, as 
w e l l as g e r b i l h y p o x a n t h i n e phosphoribosyl 
t r ans f e r a se (HPRT), a housekeeping gene which w i l l 
serve as a su i t ab le con t ro l . 
• To express and pur i fy a key cy tok ine , IL-2 , and 
genera te an t ibod ies aga ins t t h i s molecule . These 
reagents are t o be used in the future q u a n t i t a t i o n 
of IL-2 in vitro. 
• To develop a compet i t ive RT-PCR ELISA for t h e 
quan t i t a t ion of cytokine mRNAs and use t h i s method 
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t o measure cytokine expression in lymph nodes and 
spleens of g e r b i l s during a primary i n f e c t i o n of 
Brugia pahangi. 
The r e s u l t s of these experiments are presented in 
chapters two t o s ix which a r e : 
• Chapter two, c ro s s - spec i e s PCR cloning of g e r b i l 
(Meriones unguiculatus) i n t e r l e u k i n - 2 cDNA and i t s 
expression in COS-7 c e l l s . 
• Chapter t h r e e , express ion of recombinant ge rb i l 
(Meriones unguiculatus) IL-2 in E. coli and the 
p r o d u c t i o n of n e u t r a l i z i n g a n t i - g I L - 2 r a b b i t 
ant ibodies . 
• Chapter four, f u l l length cDNA i s o l a t i o n of ge rb i l 
(Meriones unguiculatus) Thl and Th2-type cytokines 
by PCR as well as t h e i r cha rac te r i za t ions . 
• Chapter f i v e , i d e n t i f i c a t i o n of two forms of the 
hypoxanthine guanine phosphoribosyl t r ans fe rase cDNA 
in gerb i l s (Meriones unguiculatus). 
• Chapter s i x , cytokine gene expression in lymphoid 
t i s s u e s of ge rb i l s (Meriones unguiculatus) during a 
primary Brugia pahangi-infection. 
CHAPTER TWO 
CROSS-SPECIES PCR CLONING OF GERBIL (MERIONES 
UNGUICULATUS) INTERLEUKIN-2 cDNA AND ITS 
EXPRESSION IN COS-7 CELLS 
2 .1 I n t r o d u c t i o n 
M o n g o l i a n g e r b i l s o r J i r d s (Meriones 
u n g u i c u l a t u s ) , a r e used i n many f i e l d s of b iomed ica l 
r e s e a r c h i n c l u d i n g s t u d i e s of p a r a s i t i c and i n f e c t i o u s 
d i s e a s e s , c a n c e r , endocr ino logy , g e n e t i c s , hematology, 
l i p i d m e t a b o l i s m , n e u r o l o g y , p h a r m a c o l o g y , 
r a d i o b i o l o g y , r e p r o d u c t i o n , and t o x i c o l o g y (Holmes, 
1985) . However, u t i l i z a t i o n of g e r b i l s fo r r e s e a r c h on 
p a r a s i t i c and i n f e c t i o u s d i s e a s e s i s hampered by t h e 
l ack of s u i t a b l e immunologic r e a g e n t s ( K l e i , 1991) . The 
a v a i l a b i l i t y of g e r b i l c y t o k i n e s and a n t i - c y t o k i n e 
a n t i b o d i e s would f a c i l i t a t e s t u d i e s on t h e s e t o p i c s . 
Cloning, sequencing and exp re s s ion of c y t o k i n e cDNA i s 
c r i t i c a l s t e p in ach iev ing t h i s g o a l . 
The b e s t c h a r a c t e r i z e d and most w i d e l y s tud ied 
c y t o k i n e i s I L - 2 . I L - 2 has m u l t i p l e b i o l o g i c a l 
f u n c t i o n s i n c l u d i n g t h e r e g u l a t i o n of T- and B-
lymphocyte r e sponses t o a n t i g e n . I t i s produced by T-
h e l p e r c e l l s f o l l o w i n g a c t i v a t i o n by a n t i g e n i c o r 
mi togen ic s t i m u l a t i o n (Morgan e t a l . , 1976; G i l l i s e t 
a l . , 1 9 8 7 ) . T a n i g u c h i e t a l . (1983) were f i r s t 
s u c c e s s f u l i n i s o l a t i n g a human IL-2 cDNA. Fol lowing 
p u b l i c a t i o n of t h i s cDNA sequence i n 1983, numerous 
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laboratories have used the technique of cross-species 
hybridization in which an oligonucleotide or cDNA probe 
prepared from human IL-2 cDNA was used to isolate 
homologous IL-2 cDNAs from other species by southern 
hybridization. Using such techniques, cDNAs encoding 
murine, bovine and rat IL-2 molecules (Kashima et al., 
1985; Magnuson et al., 1987; Mcknight et al., 1989) 
were identified. More recently, isolation of ovine and 
porcine IL-2 cDNA clones by the PCR method has been 
reported (Goodall et al., 1990, 1991). This PCR method 
is referred to as the cross-species PCR technique 
(Grompe et al., 1992). Here we describe cloning of 
gerbil IL-2 cDNA by the cross-species PCR method, its 
biological activity following transient expression of 
the gene in mammalian COS-7 cell system and a 
comparison of its molecular characteristics to other 
known IL-2 molecules. 
2.2 Materials and Methods 
2.2.1 Gerbil Spleen Cell Single Strand 
cDNA Synthesis 
Spleen cells (106 cells/ml) of 2 month old male 
gerbils (Tumblebrook Farm, West Brookfield, MA) were 
stimulated with Con A (Calbiochem-Behring Corp., La 
Jolla, CA) at 3 jug/ml in RPMI + 2% FCS for 2 days, 
washed and resuspended in fresh culture medium, and 
restimulated with Con A (3 ug/ml) for 5 h. mRNA 
isolation was performed using FastTrackin mRNA 
isolation kit version 2.1 (Invitrogen Corporation, San 
Diego, CA) according to the manufacturer's 
instructions. mRNA was reverse transcribed into single 
strand cDNA with Moloney Murine Leukemia Virus RNase H~ 
Reverse Transcriptase (GIBCO BRL, Gaithersburg, MD) in 
the presence of an oligo-dT primer. 
2.2.2 Gerbil IL-2 cDNA Cloning and 
Sequencing 
The cDNA cloning procedure utilized was divided 
into three steps. The first step was cloning of a 
portion of the gerbil IL-2 cDNA coding region by cross-
species PCR using two mouse oligonucleotide primers 
which were selected from highly conserved regions in 
the IL-2 open reading frame. The second step was 
cloning of the 5' end of the gene using a 5' end 
oligonucleotide primer from the mouse 5' untranslated 
region and a 3' end oligonucleotide primer from gerbil 
IL-2 cDNA fragment isolated in the first step. The 
third step was the cloning of the whole gene using a 3' 
end oligonucleotide primer from the mouse IL-2 3' end 
untranslated region and 5' end oligonucleotide primer 
from the 5' end untranslated region of gerbil IL-2 cDNA 
fragment isolated in the second step. 
Oligonucleotide primers used in each cloning step 
were as follows: a mouse sense primer, 5'-ATG TAC AGC 
ATG CAG CTC GCA TC-3' and a mouse antisense primer, 
5'-GGC TTG TTG AGA TGA TGC TTT GAC A-3' for the first 
cloning step; a mouse sense primer, 5'-ATC ACC CTT GCT 
AAT CAC TCC TCA CAG TGA-3' and a gerbil antisense 
primer, 5'-TTC GCA GTT GAG TGT GTT TTC TGA GCC CTT-3' 
for the second cloning step; a gerbil sense primer, 5'-
CCT CAA GCC CTG CAG GC-3' and a mouse antisense primer, 
5'-GGG CTT ACA AAA AGA ATC-3' for the third cloning 
step. Cross-species PCR was performed in a 
Microcycler™ (Eppendorf, Fremont, CA) at low 
stringency condition: 30 sec at 95°C, 1 min at 37°C and 
o 
1.5 m m at 74 C for 35 cycles in a 100 ul reaction 
volume containing 1 pM of each oligonucleotide primer, 
50 uM each of dATP, dTTP, dGTP and dCTP, 50 mM KC1, 2.5 
mM MgCl2, 10 mM Tris-HCl (pH 9.0 at 25°C), 0.1% Triton 
X-100, 10 ul gerbil spleen cell ss cDNA as template and 
2.5 units of Taq DNA polymerase (Promega Corporation, 
Madison, WI) . Amplified products were analyzed and 
size-selected by electrophoresis with 2% agarose gel 
after ethidium bromide staining. The sequence of the 
fragments were determined in both directions by dideoxy 
chain termination method. 
2.2.3 Gerbil IL-2 cDNA Expression in 
Mammalian COS-7 Cell System 
Single restriction endonuclease cleavage sites 
were mapped using MacVector™ 3.5 program in Macintosh 
IIX computer. A PstI site and a Spel site are found in 
the 5' and 3' untranslated regions of gerbil IL-2 cDNA 
respectively. The gerbil IL-2 cDNA fragment was double 
digested with PstI/Spel was ligated into pSV-SPORTl 
(GIBCO BRL, Gaithersburg, MD) which had been cut by the 
same enzymes. The resulting recombinant plasmid vector 
was introduced into monkey COS-7 cell line by a 
modified calcium phosphate-mediated transfection 
procedure (Sambrook et al., 1989). 
2.2.4 Bioassay for a Functional Gerbil 
IL-2 
Supernatants of transfected cell culture were 
collected daily and stored at -20°C until assayed. IL-2 
activity was measured as described by Gillis et al. 
(1987), using the murine cytotoxic T cell line CTLL-2 
as an indicator of activity. Briefly, lx 104 CTLL-2 
(obtained from Dr. Barry T. Rouse, University of 
Tennessee) in RPMl/5% FCS + 2 mM glutamine were 
incubated in microtiter wells with dilutions of 
supernatants for 20-24 h and proliferation was 
monitored by incorporation of [-*H] thymidine following 
a 4-h pulse. Simultaneously, serial dilutions of 
recombinant human IL-2 (Cellular Products, Buffalo, NY) 
were added to similar cultures of CTLL-2 cells, and 
pulse labeled with [%] thymidine. The linear portion 
of the resulting plot (units vs. counts per min) was 
used as a standard curve to calculate the gerbil IL-2 
concentrations in transfected cell culture supernates. 
One unit per milliliter of gerbil IL-2 is equal to one 
unit per milliliter of recombinant human IL-2 using 
these conditions. 
2.3 Results 
2.3.1 Nucleotide Sequence and Amino Acid 
Sequence of Gerbil IL-2 
A primary s t ruc ture of the gerb i l IL-2 polypeptide 
consis t ing of 155 amino acids could be deduced as shown 
in Fig. 2 and i t s MW was calculated t o be 17,601. Based 
on the nucleotide sequence shown in Fig. 2, the s ingle 
r e s t r i c t i o n endonuclease cleavage s i t e map can be 
predic ted (Fig . 3 ) . The NH2-terminal segment of the 
deduced gerb i l IL-2 polypeptide sequence i s hydrophobic 
(Fig. 4) as would be expected for a s igna l pept ide 
which i s cleaved off in the secre t ion process of mature 
IL-2. Such cleavage could occur between Ser and Ala a t 
pos i t ion 20 and 21 (Blobel e t a l . , 1979). The mature 
g e r b i l IL-2 would probably conta in 135 amino acid 
residues and has a ca lcula ted MW of 15,496. There are 
no p o t e n t i a l N-glycosylat ion s i t e s (Asn-X-Ser/Thr) 
(Taniguchi e t a l . , 1983), however, modif icat ion by 
s i a ly l a t i on or O-glycosylation cannot be excluded. Some 
c h a r a c t e r i s t i c s of g e r b i l IL-2 are summarized and 
compared with other species in Table 1. The mature form 
of gerbil IL-2 is similar in MW to all of the compared 
species except the mouse. A potential N-glycosylation 
site is only seen in bovine, ovine and porcine IL-2 
respectively. All of the IL-2 molecules examined have 
the same number of Cys residues which are conserved in 
the corresponding positions. In these comparisons, 
gerbil IL-2 has highest identity with rat IL-2 for both 
nucleotide and amino acid sequence. 
2.3.2 Expression of Recombinant Gerbil 
IL-2 
In order to confirm that the cloned cDNA encodes 
biologically active IL-2, the recombinant vector pSV-
SP0RT1-GIL-2 was expressed in monkey COS-7 cells. COS-7 
cells transfected with the vector pSV-SPORTl served as 
negative control. The gerbil IL-2 activity in culture 
supernatant secreted from transfected COS-7 cells was 
examined. The results are shown in Table 2. The IL-2 
activity was detected at Day 2 and peaked at Day 5 with 
832.76 units/ml ± 182.80. No IL-2 activity was detected 
in the negative control. 
2.4 Discussion 
Cross-species PCR is an alternative rapid, 
efficient and sensitive gene cloning technique, since 
the procedure is based on the combination of PCR and 
nucleotide hybridization. Using this method, we have 
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CCTCA AGCCC TGCAG GC ATG TAC AGO AGG CAG CTC GCA TCC TGT GTT GCA CTG GCG CTA GTA CTC CTT GCC AAC 
. Mat Tyc Ser Arq Gin Leu Ala 3er Cy3 Val Ala Leu Ala Leu Val Leu Leu Ala Asn> 
AGT GCA CCC ACT TCA AGC CCT GCC AAG GAG GCA CAG CAG TAC CTG GAG CAG TTG CTG C1G GAC TTA CAG CAG 
Set Ala Pro rhr Ser Ser Pro Ala Lys Glu Ala Gin Gin Tyr Leu Glu Gin Leu Leu Leu Asp Leu Gin Gln> 
CTC CTG AGA GGG ATC AAC AAT TAC AAG AAT CCG AAA CTC CCC ATG CTG CTC ACG TIT AAA TTT TAC A1G CCG 
Leu Lou Arg Gly H e Ann Asn Tyr Lyo A3n Pro Lys Leu Pro Het Leu Leu rhr Phe Lys Phe Tyr liel Pro> 
AGG AAG GCC ACA GAA CTG AAG CAT CTT CAG TGC TTG GAA GAA GAA CTT GGA CCT CTG CAT GAT GTG CTA AAT 
Arq Ly3 Ala llir Glu Leu Ly3 Ills Leu Gin Cys Leu Glu Glu Glu Leu Gly Pro Leu His Asp Val Leu Asn> 
ITG GIT CAA AGC AAA AAC CTT TAC TTG GAA GAT GCT GGG AAT TTC ATC AGC AAT A1C AGA GTA ACT GIT ATG 
Leu Val Gin Ser Lys Asn Leu Tyr Leu Glu Asp Ala Gly Asn Phe H e Ser Asn tie Arq Val Thr Val Mct> 
AAA CTA AAG GGC 1CA GAA AAC ACA CTC AAC TGC GAA TTT GAT GAT GAA ACA GTG ACT GTG GTG GAA TTC CTG 
Lys Leu Lys Gly Ser Glu Asn Thr Leu Asn Cys Glu Phe Asp Asp Glu Thr Val Thr Val Val Glu Phe Ieu> 
AGC AGA TGG ATA ACC TTC TGT CAA AGT GCC ATC TCA ACA ATG ACT CAA 1AA CCGCG 1GCCT CCTGC TTACA 
Ser Arq Trp lie Thr Phe Cys Gin Ser Ala H e Ser Thr Met Thr Gin •••> 
510 S70 530 540 550 560 5)0 500 
ACACA CAAGG CTTTC TATTT ATTTA AATAT TTAAC GTTAT ATTTA TTTTT GGATG TATTG 1TTAC TATCT ITTGT 1ACTA 
590 600 610 
CI AGT AT1CA GACGA TAAAT ArGGA TCTTT AGA 
Fig . 2. Nucleotide sequence and deduced amino acid 
sequence of the g e r b i l IL-2 cDNA. The arrow indicates 
the pu ta t ive cleavage s i t e of the leader sequence and 
the brackets ind ica te the Cys res idues . Numbers above 
each l i n e r e f e r t o a nuc leo t ide p o s i t i o n . These 
sequence data a re a v a i l a b l e from EMBL/Genbank under 
accession number X68779. 
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Table 1. Molecular Comparison of Gerbil, Mouse, Rat, 
Human, Bovine and Porcine IL-2 1 
C h a r a c t e r i s t i c s G e r b i l Mouse Rat Human Bovine Ovine P o r c i n e 
Primary Structure AA 
MW 3 
Mature s t ruc tu re AA 
MW 
N-Glycosylation S i te 
4 Cys Residues 
Nucleotide Ident i ty •* 


























































 Data used or calculated for these comparisons from 
references of Kashima et al. (1985), McKnight et al. 
(1989), Taniguchi et al. (1983), Magnuson et al. 
(1987), Goodall et al. (1990, 1991). 2 Predicted amino 
acid number. 3 Predicted molecular weight. 4 Numbers of 
Cys residues in mature form of IL-2. 5 Identity in 
nucleotide sequence of open reading frame between 
gerbil and other species IL-2 cDNA, without taking into 
account the regions where gaps were introduced to 
maximize the overall identity. 6 Identity in deduced 
amino acid sequences between gerbil and other species 
IL-2 proteins, including the signal peptide. 
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Table 2. Detection of the Gerbil IL-2 Activity 
in the Culture Medium of Transfected COS-7 Cells 
Transfected DNA Transfection Day Units/ml 
pSV-SPORTl-GIL-2 0 0 
1 
2 8.82 ± 3.97 
3 26.83 ± 6.42 
4 150.99 ± 11.09 
5 832.76 ± 182.80 
6 500.55 ± 10.54 
7 499.59 ± 97.63 
8 376.78 ± 92.90 
9 157.63 ± 44.85 
pSV-SPORTl 3 0 
(Negative Control) 
1
 IL-2 activity was measured by 3H thymidine 
incorporation into CTLL cells. Unit values were 
interpolated from a standard curve produced using human 
rIL-2. Values are means of three culture well 
supernates ± SD. 
successfully identified a gerbil IL-2 cDNA clone that 
encodes the biologically active protein. 
The most critical step in the cross-species PCR 
cloning technique is the choosing of appropriate 
primers. The guiding principle in primer selection is 
that they should be chosen from the cDNA region of a 
closely related species which is highly conserved in 
other species. From our experience, different 
combinations of primers were needed before the cross-
species PCR produced a positive gene fragment (data not 
shown). On the other hand, the cross-species PCR was 
performed at low stringency condition, and usually more 
than one of the amplified products were generated (data 
not shown). Thus, the identification of the correct 
cDNA fragment must be confirmed by nucleotide 
sequencing following size-selection of amplified 
fragments on agarose gel. 
Initially, it was assumed that the mouse would be 
more homologous to the gerbil than other species and 
thus mouse IL-2 nucleotide sequences were used to 
design the primers for PCR. However, both nucleotide 
and amino acid sequences indicate that gerbil IL-2 is 
most homologous to IL-2 of rat origin (Table 1). In 
order to clarify the exact relationship between IL-2 of 
the gerbil and other species, further studies are 
necessary. 
Our results have shown that gerbil IL-2 can 
stimulate the proliferation of murine CTLL-2 cells. 
Because of this cross-speices bioactivity, the critical 
amino acid residues necessary for gerbil IL-2 activity 
and receptor binding were examined. From previous 
studies (Kuo and Robb, 1986; Ju et al., 1987; Collins 
et al., 1988; Collins, 1989), amino acid residues 
Cys58, Cys105, Leu14, Glu15, His16, Leu17, Leu18, 
Leu1^, Asp20, and Phe1^^ were recognized as crucial 
for human IL-2 bioactivity based on the assay of murine 
CTLL-2 cell proliferation. The Cys58 and Cys105 
residues that are responsible for the forming of an 
intramolecular disulfide bond to stabilize the IL-2 
molecule in this bioactive conformation (Ju et al., 
1987) are conserved in gerbil IL-2. The other critical 
amino acid residues required for binding to the p 7 5 
component of the high affinity complex (Collins, 1989) 
are also conserved in the gerbil IL-2 with exception of 
residue 16. However, residue 16 in gerbil IL-2 is Gin 
16. In fact, gerbil Gin 16 is identical to residue 30 
of the corresponding site (after alignment, they are in 
the same position) in murine IL-2 (Yokota et al., 
1985). Thus, not surprisingly, the overall critical 
amino acid residues with only one similar substitution 
are conserved in gerbil IL-2. The above analysis 
further strengthens the results of the previous studies 
on the structure and function of human IL-2. 
Identification of the gerbil IL-2 nucleotide 
sequence will allow the expression of this molecule in 
sufficient quantity for further study, and the 
production of antibody to it. Together these results 
will enhance the utility of the gerbil in biomedical 
research particularly in studies of infectious and 
parasitic diseases. 
CHAPTER THREE 
EXPRESSION OF RECOMBINANT GERBIL (MERIONES 
UNGUICULATUS) IL-2 IN E. COLI AND THE PRODUCTION 
OF NEUTRALIZING ANTI-GIL-2 RABBIT ANTIBODIES 
3.1 Introduction 
IL-2 is a potent 15 kDa T cell growth factor and 
immunomodulator produced by T lymphocytes. The 
biological activities of IL-2 include enhancement of 
cytotoxic T lymphocyte generation (Wagner et al., 
1980), involvement in B cell growth (Howard et al., 
1983), activation of killer-cells (Grimm, 1986). For 
some time, recombinant IL-2 has been in clinical trials 
of cancer immunotherapy (Rosenberg and Lotze, 1986), 
and the treatment of severe combined immunodeficiency 
(Pahwa et al.,1989). Further detailed investigation of 
the role of IL-2 in animal systems depends on the 
availability of pure and biologically active IL-2. 
Human (Miyajima et al. , 1985), murine (Van 
Kimmenade et al., 1989), and bovine (Baker, 1987) IL-2 
cDNAs have been expressed and recombinant IL-2 is 
available from these species. Furthermore, these 
recombinant IL-2 produced in Escherichia coli have been 
shown to be active as their native glycosylated 
counterparts (Rosenberg et al., 1984; Brakenhoff et 
al., 1987). Mongolian gerbils or jirds (Meriones 
unguiculatus) are useful as animal models in studies of 
parasitic and infectious diseases (Holmes, 1985). 
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Gerbil IL-2 cDNA has been successfully cloned and 
transiently expressed in COS-7 cell cultures (Mai et 
al., 1994). 
In order to further study the role of IL-2 in 
gerbil models of parasitic disease, it would be useful 
to identify and measure the production of this protein 
by cells. The production of antibodies to this protein 
is an initial step in this process. This study 
describes the expression of a recombinant fusion 
protein in E. coli through the construction of a 
chimeric MBP/gIL-2 gene in the pMAL-c2 plasmid, 
purification of fusion protein, separation of the 
mature gerbil IL-2, and the generation of neutralizing 
anti-gIL-2 antibodies. 
3.2 Materials and Methods 
3.2.1 Construction of MBP/gIL-2 Chimera 
Expression Vector 
The recombinant plasmid pSV-SPORTl-GIL-2 (Mai et 
al., 1994) contains gerbil IL-2 cDNA. The 5' PstI/3' 
Spel fragment of this gene was cloned into the 
corresponding sites of eucaryotic expression plasmid 
pSV-SPORTl (GIBCO BRL, Gaithersburg, MD). Within this 
inserted molecule, the last codon of the signal 
peptide, AGT, plus the first codon of the gerbil mature 
IL-2, GCA, is similar to the Fspl restriction site (TGC 
GCA). This sequence is recognized by Fspl enzyme and 
cut between these two codons generating a blunt end. At 
the 3' end of the untranslated region, a sequence AAG 
CCC is close to a Hindlll restriction site (AAG CTT) 
which will generate a sticky end after Hindlll enzyme 
digestion. In order to yield these two unique cleavage 
sites in the gerbil IL-2 gene, site-directed 
mutagenesis was performed (Fig. 5). This was achieved 
by PCR using forward primer, 5'-CTT GCC AAC TGC GCA 
CCC ACT TCA-3', and a reverse primer, 5'-GGC CCA AGC 
TTA CAA AAA GAA TC-3' (underlined letters represent the 
mutated sites and the rest of the nucleotide sequences 
are identical to those located in the sense and 
antisense strands of the gerbil IL-2 gene 
respectively). The PCR was conducted under conditions 
of 30 sec at 95°C, 1 min at 37°C, and 1.5 min at 72°C 
for only 10 cycles in a 200 ul reaction volume 
containing: luH of each primer, 50 uH each of dATP, 
dTTP, dGTP, and dCTP, 50 mM KC1, 10 mM Tris-HCl (pH 9.0 
at 25°C), 0.1% Triton X-100, 10 ng of pSV-SPORTl-GIL-2 
as a template and 2.5 units of Taq DNA polymerase 
(Promega Corporation, Madison, WI). pMAL-c2 plasmid 
(New England, BioLabs, Beverly, MA) was chosen as a 
procaryotic expression vector. The vector contains a 
blunt end Xmnl site upstream and a sticky end Hindlll 
site downstream of the polylinker. Inserts cloned into 
the Xmnl site produce the protein of interest that, 
after protease Xa cleavage, contains no vector-derived 
amino acids (Nagia and Thogersen, 1984, 1987). The 
mutated gerbil IL-2 gene was double digested with 
Fspl/Hindlll and ligated into pMAL-c2 which had been 
cut by Xmnl/Hindlll to generate a recombinant 
expression vector, pMAL-c2-GIL-2. This vector contains 
a mature gIL-2 cDNA fragment in the same translational 
reading frame as the vector' s malE gene and in the 
correct orientation for expression (Fig. 5). 
3.2.2 Transformation and Sequencing of 
pMAl-c2-GIL-2 Vector 
Competent E. coli strain JM107 cells were 
transformed by pMAL-c2-GIL-2 plasmids, and positive 
clones were selected on LB agar plates containing 
ampicillin and X-gal by the color selection method. The 
DNA sequence of the joint region of the chimeric gene 
and the inserted mature gIL-2 gene was confirmed by 
dideoxy chain-termination sequencing (Sanger et al., 
1977) of the double-stranded plasmid in both directions 
according to the instruction manual of the sequence 
version 2.0 kit (US Biochemical, Cleveland, OH). 
3.2.3 Expression and Purification of 
MBP/gIL-2 Fusion Protein 
An overnight culture (10 ml) of transformed clone 
cells was inoculated into 1 liter of rich medium (per 
liter: 10 g tryptone, 5 g yeast extract, 5 g NaCl) 
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pMAL-c2-GIL-2 recombinant expression vector 
Fig. 5. Diagram of the construction of the fusion 
protein expression vector, pMAL-c2-GIL-2. 
containing 2 mg/ml glucose and 100 ug/ml ampicillin. 
When the growth phase reached to 2 x 108 cells/ml 
(OD600 °f ~0.5), the fusion protein expression was 
induced for 2 h by adding IPTG to a final concentration 
of 0.3 mM in the culture. The induced bacteria were 
harvested by centrifugation at 5,000 g for 30 min, 
resuspended in 10 mM Tris-HCl, 200 mM NaCl, 1 mM EDTA 
pH 7.4 column buffer and lysed by sonication. The 
supernatant of the lysate was separated by 
centrifugation at 10,000 g for 30 min, and applied to 
15 ml of packed amylose resin equilibrated in the same 
buffer. After the column was extensively washed with 
the column buffer, MBP/gIL-2 fusion protein was eluted 
with 10 mM maltose column buffer in 2 ml fractions. The 
fractions containing the fusion protein were detected 
by UV absorbance at 280 nm, and pooled. 
3.2.4 Xa Protease Digestion and Mature 
gIL-2 Purification 
To separate the MBP and mature gIL-2 moieties, 5 
ml of 5 mg/ml the fusion protein was digested with 0.5 
ug/ml of Xa protease (New England BioLabs, Beverly, 
MA). This enzyme recognizes a specific amino acid 
sequence, ile-glu-gly-arg, so that predicted mature 
gIL-2 protein without any vector-derived amino acid 
should be released (Fig. 1). The fusion protein 
cleavage mixture was loaded onto 1 g of packed 
hydroxyapatite column in which the maltose was first 
washed away with the column buffer. The proteins were 
eluted with 0.5 M sodium phosphate, pH 7.2 buffer by 
fractions (1 ml / fraction) , and monitored 
spectrophotometrically at 280 nm. The pooled eluate was 
through amylose column, and the mature gIL-2 was 
collected from the flow-through fractions. Purified 
gIL-2 was concentrated using a Centrcon-10 
microconcentrator (AMICON, Beverly, MA.). 
3.2.5 SDS-PAGE and Protein Quantitation 
Protein expression and purification were analyzed 
by SDS-PAGE in 15% acrylamide gels, as described by 
Laemmli et al. (1970). Gels were stained with 0.1% 
Coomassic blue R250 in 50% methanol and 10% acetic 
acid, followed by diffusion destaining in a solution of 
5% methanol and 10% acetic acid. Molecular weight 
markers (14.4-94 kDa) were obtained from Bio-Rad 
(Hercules, CA). Protein concentrations were measured 
according to Bradford (1976), using a Bio-Rad protein 
assay dye reagent (Bio-Rad Laboratories, Richmond, CA) 
with BSA as a standard. 
3 .2 .6 IL-2 B i o a s s a y 
The b i o l o g i c a l f unc t i on of t h e d i f f e r e n t 
expression products before or a f te r induction, as well 
as before or a f te r pur i f i ca t ion was determined by IL-2 
b ioas say . IL-2 a c t i v i t i e s were measured by [3H] 
thymidine uptake of CTLL-2 cell proliferation, as 
previously described (Mai et al., 1994). 
3.2.7 Rabbit Immunization 
New Zealand white conventional rabbits (Lee's 
Rabbitry, Theodore, Ala.) were used to raise polyclonal 
antibodies against gIL-2. The rabbits were individually 
housed. They were fed rabbit chow and water ad libitum. 
Each rabbit was injected with 300 ul containing 
approximately 50 ug of the fusion protein in TiterMax 
adjuvant (Vaxcel™, Inc. Norcross, Ga), at two 
intramuscular (IM) sites, one for each hind quadricep, 
and two subcutaneous (SC) sites on the back. The 
rabbits were reinoculated in the same manner at 3 
weeks, 5 weeks, and 8 weeks following the initial 
injection. Ten days after the last reinoculation, the 
rabbits were bled, and the antisera were collected and 
stored at -20°C. 
3.2.8 Neutralization Assay 
The antisera were screened and checked for anti-
gIL-2 specific activity by a neutralization assay. Two 
units of gerbil IL-2 was mixed with various dilution of 
the antisera at 1:1 volume prior to the performance of 
IL-2 bioassay as described above. 
3.3 R e s u l t s 
3.3.1 DNA Sequencing Analysis 
Several clones of pMAL-c2-GIL-2 plasmids were 
sequenced, beginning from the joining region (Fig. 6) 
of the chimeric gene to the end of the insert fragment. 
These sequence data were used to confirm that the 
insert DNA had the correct orientation, and the same 
translational reading frame as the vector's malE gene 
and that there were no mutated nucleotides within the 
mature gIL-2 coding region. A pMAL-c2-GIL-2 clone which 
fulfills all of these conditions was selected for 
fusion protein expression. 
3.3.2 Expression and Purification of 
MBP/gIL-2 Fusion Protein and 
Mature gIL-2 
SDS-PAGE analysis of bacterial lysates from 
induced E. coli strain JM107 transformants revealed the 
presence of a band corresponding to a recombinant 
protein with a molecular weight of 58.2 kDa which was 
not detected before induction (Fig. 7, lane 1). 
Expression of this fusion protein increased 1 to 3 h 
after induction (Fig. 7, lane 2-4). A small portion of 
fusion protein was purified 2 h after induction without 
detectable degradation of the protein (Fig. 7, lane 5). 
The fusion protein was purified from a large scale 
culture (1 1) 2 h following induction with a recovery 
of approximate 100 mg/1. A single protein band was 
detected on SDS-PAGE (Fig. 8, lane 1). Incubation of Xa 
protease with the fusion protein resulted in the total 
cleavage of MBP from mature gIL-2 (Fig. 8, lane 2). 
This analysis confirmed the expected molecular weights 
of MBP and mature gIL-2, which are 42.7 and 15.5 kDa, 
respectively. MBP (Fig. 8, lane 3) and mature gIL-2 
(Fig. 8, lane 4) were separated by a another 
purification cycle using an amylose resin column. 
3.3.3 IL-2 Biological Activity 
The IL-2 activity of all the components derived 
from the purification procedure were measured in a 
conventional CTLL-2 cell proliferation assay using hlL-
2 as a reference standard. MBP purchased from New 
England BioLabs (Beverly, MA) served as a negative 
control. IL-2 biological activity was detected in both 
mature gIL-2 and the fusion protein, with specific 
activities, 11,885 ± 84.85 u/ug protein and 198.80 ± 
19.80 u/ug protein respectively (Table 3). Little IL-2 
activity (9.15 ± 0.46 u/pg protein) was detected in MBP 
isolated from the cleavage mixture. This may have been 
due to fusion protein contamination. 
3.3.4 Neutralization Ability 
Antisera from immunized rabb i t s were screened and 
measured for t h e i r n e u t r a l i z a t i o n a b i l i t y against 
mature gIL-2 through the IL-2 bioassay. The sera showed 
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Fig. 6. Sequence of joining region of the chimeric gene 
is shown as same as designed in Fig. 1 by DNA 
sequencing analysis, suggesting the mature gIL-2 
protein coding DNA insert has correct orientation and 
the same translational reading frame as the vector's 
malE gene. The rest of the insert DNA sequence was also 
confirmed to be correct without any mutations (data not 
shown) as compared to the published sequence (Mai et 
al., 1994). 
K D M 1 2 3 4 5 M K D 
Fig. 7. Monitoring of the expression and purification 
of MBP/gIL-2 fusion protein by 15% SDS-PAGE followed by 
Coomasie blue staining. Lane 1: a sample from the 
cultured cells before induction. Lane 2-4: samples from 
the cultured bacteria after induction for 1-3 h 
respectively, showing the expression level of a 58.2 
kDa fusion protein was increased with time. Lane 5: 
after purification by amylose resin in a small scale, 
the fusion protein from the cells induced at 2 h 
interval, showing a single band on the gel at the 
maximum density without any degraded bands. M: low 
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Fig. 8. Fifteen percent SDS-PAGE analysis of MBP/gIL-2 
fusion protein cleavage and their separation. Lane 1: 
MBP/gIL-2 fusion protein derived from the bacteria 
induced at 2 h interval after the protein purification 
by amylose resin column. Lane 2: MBP and gIL-2 mix 
derived from the purified fusion protein after Xa 
protease cleavage. Lane 3 and 4: MBP and mature gIL-2 
respectively separated from a second amylose column 
purification after removal of maltose by hydroxyapatite 
procedure. M: low molecular weight markers purchased 
from Bio-Rad (Hercules, CA). 
a neutralization effect with titers 1:200 (Table 4). 
3.4 Discussion 
Expression of recombinant proteins in E. coli as 
fusion partners with bacterial proteins, is a common 
approach to obtain these molecules for experimental and 
commercial purposes (Smith and Johnson, 1988). A 
variety of bacterial expression systems are available 
for this purpose. However, a number of difficulties may 
arise in this process. Some fusion proteins are not 
solubilized or are rapidly degraded in bacterial cells 
(Guisez et al., 1993; Rock et al., 1992; Nukano et al., 
1994). In other instances, recombinant protein may be 
deposited in inclusion bodies after induction which 
often make purification procedures more complicated. 
Before purification and the cleavage of the fusion 
protein partners, the fusion protein must be 
solubilized by chaotropic extraction and are folded 
from its denatured state into its native conformation 
(Marston et al., 1984). Moreover, such pre-purification 
procedures usually result in a decrease in the protein 
specific activity caused by improper folding and 
incorrect disulfide bond formation (Morehead et al., 
1984). The procaryotic protein expression system used 
in this study produced large quantities of soluble 
MBP/gIL-2 fusion protein which was purified easily in a 
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Table 3 . IL-2 Specific Activi ty 1 
Component u/f;g Proe in 
Mature gIL-2 11,885 ± 84.85 
MBP/gIL-2 Fusion P r o t e i n 198.8 ± 19.8 
MBP (This Experiment) 9.15 ± 0.41 
MBP (New England BioLabs) 0 
1
 IL-2 a c t i v i t y was measured in conventional CTLL-2 
c e l l p r o l i f e r a t i o n assay using hIL-2- as a r e f e r r ed 
s t a n d a r d . P r o t e i n c o n c e n t r a t i o n was q u a n t i t a t e d 
according to Bradford (1976) using a Bio-Rad pro te in 
assay dye reagent (Bio-Rad Laboratories , Richmond, CA). 
Table 4. Neutralization of gIL-2 Activity Used in a 







































































































 gIL-2 was added to cultures at 2 u/culture. 
2
 CPM mean of 3 wells ± SD. 
single step. It is likely that this system will be 
useful for the small scale expression of other cytokine 
proteins as well. 
The functional characteristic of the fusion 
protein was the rationale to use it as an antigen to 
raise the neutralizing antibodies against gIL-2. The 
immunization protocol used produced significant titers 
of specific anti IL-2 antibodies and the neutralization 
assays have yielded expected results with polyclonal 
antibodies having a titer of 200 against mature gIL-2. 
These antibodies will be useful in adding specificity 
to the IL-2 cytokine bioassay. They also may be 
important in monitoring the roles of gIL-2 played in 
various immunological responses through the depletion 
experiments based on their neutralization effect. 
CHAPTER FOUR 
FULL LENGTH CDNA ISOLATION OF GERBIL (MERIONES 
UNGUICULATUS) THl- AND TH2-TYPE CYTOKINES BY PCR 
AS WELL AS THEIR CHARACTERIZATIONS 
4.1 Introduction 
Cytokines play a central role in the regulation of 
immune responses to infectious and parasitic agents. 
Following stimulation with specific antigen, cytokines 
provide proliferation and differentiation signals for 
various effector cells (Balkwill and Burke, 1989). In 
particular, those cytokines produced by T cells may 
determine the nature of the immune response. In 
general, interleukin 2 (IL-2) and interferon-gamma 
(IFN-Y) appear to be necessary for the development of 
cell-mediated immune responses to intracellular 
parasites. By contrast, IL-4 and IL-5 favor the 
development of humoral immune responses. Considerable 
attention has been focused on the possibility that 
different subsets of T helper cells may be responsible 
for the production of these different cytokines 
(Mosmann et al., 1986). Thus, murine CD4+ T cells can 
be divided into distinct populations based on cytokine 
production; Thl cells produce predominantly IL-2 and 
IFN-y, whereas Th2 cells produce IL-4, IL-5 and IL-10. 
While there is good evidence for the existence of 
T helper cell subsets in a variety of species (Swain et 
al., 1991; Romangnani, 1992; Urban et al., 1992), their 
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existence in the gerbil has not yet been demonstrated. 
The cloning of the cDNA for gerbil cytokines would 
provide an important first step towards identifying T 
helper cell subsets in the gerbil. In this study, we 
report on a rapid PCR-based protocol involving cross-
species PCR, inverse PCR or RACE, and conventional PCR 
to isolate full length cDNAs of gerbil IL-2, IL-4, IL-
5, IL-10 and IFN-y. 
4.2 Materials and Methods 
4.2.1 Oligonucleotide Primers 
. All the primers, unless stated, were synthesized 
from GeneLab (Department of Veterinary Microbiology and 
Parasitology, School of Veterinary Medicine, Louisiana 
State University). The oligonucleotide primers used for 
the cloning of the cytokine cDNAs are shown in Table 5. 
4.2.2 Cloning of Partial ORF cDNAs by 
Cross-species PCR 
mRNA was isolated from a concanavalin A-stimulated 
spleen cell preparation and reverse transcribed into 
cDNA (Mai et al., 1994). Cytokine-specific consensus 
sequences were selected for use as primers for the 
cross-species PCR as previously reported (Mai et al., 
1994). 
Table 5. Oligonucleotide Primers Used in cDNA Cloning 































































































































































































































































 Abbreviations for primer names are as follows: m, 
mouse; g, gerbil; IL, interleukin; IFN-y, interferon-
gamma; F, forward; R, reverse; IF, inverse forward; IR, 
inverse reverse; AN, anchor; AP, adapter; PTAP, poly dT 
adapter; RSPl, reverse specific; RSP2, nested reverse 
specific; FSP, forward specific; FT, forward terminal; 
RT, reverse terminal. 
4.2.3 Isolation of the 5' and 3' cDNA 
Ends for Gerbil IL-2, IL-4 and 
IL-5 by Inverse PCR 
Isolated mRNA from activated splenocytes was 
reverse transcribed into single stranded cDNA with 
SuperScript™II RNase H~ reverse transcriptase (GIBCO 
BRL, Gaithersburg, MD) in the presence of oligo(dT)i2-
18 primer which has been phosphorylated at the 5' end 
(GIBCO BRL). The single stranded cDNA mixture was 
treated in 0.4 N NaOH at 65°C for 30 min and then 
neutralized in 0.4 N acetic acid. After purification, 
the diluted single stranded cDNA in 500 ul was self-
ligated by T4 RNA ligase (New England Biolabs) at 15°C 
for 72 h. 
A pair of specific inverse forward (IF) and 
inverse reverse (IR) primers derived from the sequence 
of the partial ORF cDNA was designed to amplify the 5' 
and 3' joint fragment (Fig. 9) by inverse PCR in 100 ul 
of reaction mixture, containing 20 mM Tris-HCl, pH 8.8 
at 25°C, 10 mM KC1, 10 mM (NH4)2S04, 2mM MgS04, 0.1% 
Triton X-100, 100 ug/ml BSA, 200 uM each of dNTPs, 10 
ul of ligation mixture as DNA template, 2 uM each of 
the primers and 5 units of Pfu DNA polymerase 
(STRATAGENE, La Jolla, CA). The Pfu DNA polymerase with 
the highest fidelity among thermal DNA polymerases 
(Flaman et al., 1994), contains proofreading 3'-5' 
exonuclease activity. The reaction was carried out 
under the following cycle conditions: 30 sec at 95°C, 1 
min at 52°C and 1.5 min at 72°C for 35 cycles. One 
deoxyadenosine was tailed to each of 3' ends of the 
amplified product by adding 5 units of Taq DNA 
polymerase to the PCR reaction mixture for 15 min at 
72°C to facilitate the TA cloning. 
4.2.4 Isolation of the 5' and 3' cDNA 
Ends for Gerbil IL-10 and IFN-y by 
RACE 
A modified method of rapid amplification of cDNA 
ends (RACE) (Frohman et al., 1988) was used to isolate 
the 5' and 3' ends of gerbil IL-10 and IFN-y. The 5" 
end of each cDNA was obtained by incubating gerbil 
spleen mRNA with 1 uM reverse specific (RSP1) primer 
and 2 00 units of SuperScript™II RNase H~ reverse 
transcriptase at 45°C for 30 min. After purification, 
the single stranded cDNAs were tailed with poly C at 
their 3' ends. 25 ul of tailing mixture containing the 
purified cDNAs, 20 mM Tris-HCl (pH 8.4), 50 mM KC1, 1.5 
mM MgCl2, 200 uM dCTP and 10 units of deoxynucleotidyl 
transferase (GIBCO BRL, Gaithersburg, MD) , was 
incubated for 10 min at 37°C. The reaction was stopped 
by heating for 10 min at 70°C. The reaction mixture was 
diluted to 500 ul in dH20 and 5 ul of the diluted 
reaction mixture was added as DNA template for 
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Fig. 9. Strategy for amplification 5'- and 3' ends of 
the target cDNA. The solid box, open box and small 
arrows represent 5'- and 3'-terminals of target cDNA, 
and oligonucleotide primers respectively. PCR in the 
inverted direction was conducted with the specific 
primers. 
amplification of the 5' end with an anchor (AN) primer 
and a nested reverse specific (RSP2) primer. 
The 3' end of the cDNA was obtained using mRNA 
from gerbil spleen cells to generate first strand cDNA 
which was primed with poly dT adapter (PTAP) primer. A 
forward specific (FSP1) primer and a reverse adapter 
(AP) primer were used for PCR amplification of 3' end 
of specific cDNA. 
4.2.5 Isolation of Full Length cDNAs for 
Gerbil IL-2, IL-4, IL-5, IL-10 and 
IFN-y by Conventional PCR 
Once these 5' and 3' ends were sequenced, a 
specific forward terminal (FT) primer located at the 
end of the 5' UTR and a specific reverse terminal (RT) 
primer located at the end of 3' UTR were designed. A 
full length cDNA was then produced using a hot start 
PCR. Five ul of diluted Pfu DNA polymerase was added to 
the tubes after the initial temperature reached 82°C 
for 2 min to increase the specificity and efficiency of 
the reaction. Annealing temperature for the primers was 
55-60°C and the fewest number of thermal cycles (25-35) 
were used to decrease the chance of nucleotide 
misincorporation. 
4.2.6 Cloning and Sequencing of PCR 
Products 
PCR products were analyzed by 2% agarose gel 
electrophoresis and cloned directly into pCRII plasmids 
followed by transformation into INVdF' bacterial cells 
using a commercial kit (TA Cloning™; Invitrogen, San 
Diego, CA) . Large scale plasmids were purified using 
WIZARD maxipreps DNA purification system (Promega 
Corporation, Madison, WI). The sequences of the full 
length cDNA inserts from 3-6 independent clones of the 
resulting plasmids (pCRIIgIL-2, pCRIIgIL-4, pCRIIgIL-5, 
pCRIIgIL-10 and pCRIIglFN-y) were determined in both 
directions by dideoxy chain termination method (Sanger 
et al., 1977) according to instructions provided with 
the DNA sequencing kit (Sequenase Version 2.0, USB, 
Cleveland, OH). 
4.3 Results and Discussion 
Cross-species PCR has been widely used to isolate 
cytokine-specific cDNA from a variety of sources (Mai 
et al., 1994; Seow et al., 1990; Vandergrifft and 
Horohov, 1993; Vandergrifft et al., 1994). Partial ORF 
cDNA of gerbil IL-2 (460 bp), IL-4 (402 bp), IL-5 (289 
bp), IL-10 (457 bp) and IFN-y (463 bp) were obtained by 
cross-species PCR using oligonucleotide primers based 
on the highly conserved regions of the corresponding 
cytokines (Fig. 10). The sequence of these gerbil 
cytokine cDNA fragments showed extensive homology to 
their counterparts from other species (data not shown), 
suggesting that the isolation of the predicted cDNAs by 
this method was successful. 
While the cross-species PCR provides some sequence 
information, the complete nucleotide sequence is 
required for the subsequent expression of recombinant 
protein. Since it is often difficult to isolate a 
complete ORF or full length cDNA with a single step 
cross-species PCR due to the extensive heterogeneity 
between species in the 5' and 3' UTR, alternative 
strategies must be used to obtained complete sequence 
information. 
Using sequence information from the partial ORF 
cDNA, specific primers were designed and used to 
amplify 5' and 3' ends of the cDNAs by the either 
inverted direction PCR or the RACE methods. Once the 5' 
and 3' UTR sequences were obtained, a pair of specific 
primers located at the opposite terminal ends were 
synthesized. Using these primers, full length cDNAs for 
gerbil IL-2, IL-4, IL-5, IL-10 and IFN-y were amplified 
by hot start PCR using Pfu DNA polymerase (Fig. 11). 
The sequences of the full length cDNAs for gerbil IL-2, 
IL-4, IL-5, IL-10 and IFN-y are shown in Fig. 12, 13, 
14, 15, and 16 respectively. The deduced amino acid 
sequences of gerbil IL-4 (panel A), IL-5 (panel B), IL-
10 (panel C) and IFN-y (panel D) are given in Fig. 17. 
The full length cDNA of gerbil IL-2 is 769 bp 
(excluding the poly A tail) long. When compared with 
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Fig. 10. Cross-species PCR amplification of the partial 
ORF cDNAs for gerbil cytokines. The amplified products 
were electrophoresed on a 2% agarose gel and stained by 
ethidium bromide. Lane 1, 3, 5, 7 and 9 represent the 
amplified fragments expected for gerbil IL-2 (460 bp), 
IL-4 (402 bp), IL-5 (289 bp), IL-10 (457 bp) and IFN-y 
(463 bp); while lane 2, 4, 6, 8 and 10 indicate their 
negative controls respectively. The negative controls 
were carried out under the same conditions but without 
adding cDNA templates. The marker standard is the GIBCO 
BRL 1 kb DNA ladder. The molecular weights are shown on 
the left side of the figure. 
our previously reported gerbil IL-2 cDNA (EMBL/Genbank 
accession number, X68779), 29 more bases and 122 more 
bases have been found at the ends of 5' and 3' UTR 
respectively. Thus, the ORF begins at nucleotide 47 and 
extends the nucleotide 514 in the corresponding full 
length cDNA. Other features about the precursor and 
secondary structure of this protein have been 
summarized (Mai et al., 1994). Excluding the poly A 
tail, the full length cDNAs for gerbil IL-4, IL-5, IL-
10 and IFN-y are 590 , 628, 1309 and 1214 bp long, and 
all of them contain a single ORF of 143, 132, 178 and 
173 amino acids, respectively, starting with a 
methionine initiation codon ATG, from nucleotide 
location 61, 46, 69 and 114, and extending to 492, 444, 
605 and 6 35 respectively. The predicted molecular 
weights of the predicted precursor proteins are 16,105 
(IL-4), 15,163 (IL-5), 20,661 (IL-10) and 19,259 (IFN-
y). The results of alignment analysis of nucleotide acid 
and amino acid sequences for gerbil, mouse, rat and 
human of these cytokines demonstrated extensive 
similarity (Table 5). The overall amino acid sequence 
identities between gerbil and the compared species 
(mouse, rat and human) are relatively low for IL-4 
(49%, 61% and 41%) and IFN-y (58%, 57% and 47%), while 
relatively high for IL-2 (72%, 79% and 69%) (Mai et 
al., 1994), IL-5 (86%, 85% and 69%) and IL-10 (87%, 88% 
and 76%). 
By comparison of differences between sequences of 
mouse primers used in the cross-species PCR and 
corresponding actual sequences in the full length 
cDNAs, the extent of tolerance can be calculated (Table 
7). The cross-species PCR method used in this study was 
successfully used in target DNA amplification using 
mouse primers with up to 17% tolerance to actual 
sequences in gerbil cDNAs. 
Although the cDNA sequences encoding IL-4, IL-5, 
IL-10 and IFN-y are known for several species (Lee et 
al., 1986; McKnight et al., 1991; Yokota et al., 1986; 
Kinashi et al., 1986; Uberla et al., 1991; Tanabe et 
al., 1987; Kevin et al., 1990; Goodman et al., 1992; 
Vieira et al., 1991; Gray and Goeddel, 1982, 1983; 
Dijkema et al., 1985), they have not been previously 
reported for the gerbil. The successful isolation of 
the full length cDNA for gerbil Thl- and Th2-type 
cytokines is an important advancement in the use of 
this animal as a model for immunological studies. 
Experiments ascertaining the role of T helper cell 
subsets in filarial disease have been hampered by the 
lack of molecular and immunological reagents in an 
appropriate animal model of this disease. The gerbil is 
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1 2 3 4 5 6 7 8 9 10 M 
Fig. 11. PCR amplification of full length cDNAs for 
gerbil cytokines. The amplified products were 
electrophoresed on 2% agarose gel and stained by 
ethidium bromide. Lane 1, 3, 5, 7 and 9 show the size 
of full length cDNAs of IL-2 (769 bp), IL-4 (590 bp), 
IL-5 (628 bp), IL-10 (1309 bp) and IFN-y (1214 bp); 
while lane 2, 4, 6, 8 and 10 indicate their negative 
controls respectively. Negative controls were carried 
out under the same conditions but without adding the 
cDNA templates. The marker standard is the GIBCO BRL 1 
kb DNA ladder. The molecular weights are shown on the 
right side of the figure. 
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TCACCCTTAG TAGTCACTAC TCACAGTGGc ctcaagccct qcaqqcatqt 50 
acagcaggca gctcgcatcc tgtgttgcac tggcgctagt actccttgcc 100 
aacagtgcac ccacttcaag ccctgccaag gaggcacagc agtacctgga 150 
gcagttgctg ctggacttac agcagctcct gagagggatc aacaattaca 200 
agaatccgaa actccccatg ctgctcacgt ttaaatttta catgccgagg 250 
aaggccacag aactgaagca tcttcagtgc ttggaagaag aacttggacc 300 
tctgcatgat gtgctaaatt tggttcaaag caaaaacctt tacttggaag 350 
atgctgggaa tttcatcagc aatatcagag taactgttat gaaactaaag 400 
ggctcagaaa acacactcaa ctgcgaattt gatgatgaaa cagtgactgt 450 
ggtggaattc ctgagcagat ggataacctt ctgtcaaagt gccatctcaa 500 
caatgactca ataaccgcgt gcctcctgct tacaacacac aaggctttct 550 
atttatttaa atatttaacg ttatatttat ttttggatgt attgtttact 600 
atcttttgtt actactagta ttcagacgat aaatatggat ctttagaGAT 650 
TCTTTTTTGT ACCCAAGGGC TCTAAAATGT TTTAAATTAT TTATCTGAAA 700 
TTATTTATTA TATTGACTTG TTAAATATCA TGTCTATATA GATTCATTAA 750 
TAAAAATATT CAGAACTAT poly A 
Fig. 12. The nucleotide sequence of a full length cDNA 
for gerbil IL-2. This sequence data is available from 
GenBank/GSDB under accession number X 68779. The 
nucleotide sequence from 30 to 647 in lower case has 
been published (Mai et al. , 1994). The methionine 
initiation codon, the stop codon and the putative 









































































Fig. 13. The nucleotide sequence of a full length cDNA 
for gerbil IL-4. This sequence data is available from 
GenBank/GSDB under accession number L 37779. 
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CGGTGTTCTT CCTCCTCGAA AGGCAAGTGG TGAAGGCTCA GAACCATGAG 50 
GTTGCCTCTG CAGCTGAGCA TTCTAACTCT CGCCTGGGTC TGGGCCGTGG 100 
CTCTGGAGAT TCCCATGAGC GCCGTGGTGA AGGAGACCTT GATACAGCTG 150 
TCCACTCACC GGGCTCTACT GACAAGCAAC GAGACAGTGA GGCTTCCTGT 200 
TCCTACTCAT AAAAATCACC AGCTGTGCAT TGGAGAAATC TTTCAGGGGC 250 
TAGACATACT GAAGAACCAA ACTGCCCGTG GGGGTGCCGT GGAAACGCTA 300 
TTCCAAAACT TATCATTAAT AAAGAAATAC ATTGACCGCC AAAAAGAGAA 350 
GTGTGGCGAG GAGAGACGGA GAGCACGGCA GTTCCTGGAT TACCTGCAAG 400 
AGTTCCTCGG GGTGATGAGT ACCGAGTGGA CAATGGAAGG CTGAGCCGAG 450 
CTGGCCCAGT GGAGACAGGA CCTCAGATTT TTAGCTGAAC TTTAAACTGA 500 
TGCATAAAAC CCACAAAATT GTACCGATGA AGGGATTGCC CTGTGCTGTT 550 
TCCAGTCATA TTTACATCAC GTAGTCAAGC TAAACTCTTC TACTTCCTCA 600 
AACATTGATC ATTTACATAT GACAAAAT poly A 
Fig. 14. The nucleotide sequence of a full length cDNA 
for gerbil IL-5. This sequence data is available from 
GenBank/GSDB under accession number L 37780 (IL-5). 
ACACTTTAGG GGCTTGCTCT TGCAGCATCA AAGTCACAAG GCAGCCTTGC 50 
AGAAGACAGA GCTCCATCAT GCCCAGCTCG GCACTGCTAT ATTGCCTAAT 100 
CTTACTGGCT GGAGTCCGGC CCAGCAGAGG CGAGTACCCC CGGAATGAGA 150 
GTAACTGCAC CCACTTCCCA GTCAGCCAGA CCCACATGCT CCGAGAGCTT 200 
CGAGCTGCCT TCAGCCAGGT GAAGACTTTC TTTCAAAAGA AGGACCAGTT 250 
GGACAACATA CTGTTAACGG ATTCCTTGCA GCAGGACTTT AAGGGTTACT 300 
TGGGTTGCCA AGCCTTATCA GAAATGATCC AGTTTTACCT GGTAGAAGTG 350 
ATGCCCCAGG CAGAGAACCA CGGCCCAGAA ATCAAGGAGA ACTTGAACTC 400 
CCTGGGAGAG AAGTTGAAGA CCCTCAGAAT GCAGCTGCGG CGCTGTCATC 450 
GATTTCTCCC CTGTGAAAAT AAGAGCAAGG CTGTGGAACA GGTGAAGAAT 500 
GATTTTAATA AGCTCCAAGA GAAAGGTGTC TACAAGGCCA TGAATGAATT 550 
TGACATCTTC ATCAACTGCA TAGAAGCATA CATGACAATC AAAATGAAAA 600 
GCTGAACTGC CCAGAGCACG TGTTGAGTCT CCTGGGCCCC AGTCATAAAC 650 
AGAGCTCTCT AAACCTGATC CAAGGGTCTC AGCTAACAGA AGCACCTCCT 700 
TGGAAAACCT CATTGTACCT CTCTCCAAAA TATTTATTAC CTCTGATACC 750 
TCAGTTCCCA TTCTATTTAT TCACTGAGCT TCTATGTGAA CTATTTAGAA 800 
AGAAGCCCAA TATTATAATT TTGCAATATT TATTATTTTT ACCTATGTTT 850 
AGCTGTTTCC ATAGGGGATA CTTTATAGCA TTTGAGTGTT CTAAGGGAAA 900 
TTATGGTATA TAATGGGGGG ATCCTCCTTG GGAAGCCAAC TGAAGCTTCC 950 
GTTCTAAGTT TGGCCACACT TAATAGCTGC AGAGCTGTTT ACTATAATGT 1000 
CCCTTTAGTT TCTCTCATCC TGAGTTCAGG GCTCCTGAAA GAGTTATGAA 1050 
GACTCTCATG GGTCTTGGGA AGAGAACCTA GAGAGCGCCT TTGATGATTA 1100 
TCCTTGCAAC AGCTCAGAGG GATTCCCCTG ACCTCATTCT CCAACCACTT 1150 
CATTCTCAAA AGCTGTGGCC AGTTTGTTAT TTATAACCAC CTAAAATTAG 1200 
TTCTAATAGA ACTCATTTTT AACTAGAAGT AATTCAATTC CTTTGGGAAT 1250 
GGTGTATCAT TTGTCTGTTT TTGTAGCAGA TTCTAATTTT GAATAAATGG 1300 
ATCTTATTC poly A 
Fig. 15. The nucleotide sequence a of full length 
for gerbil IL-10. This sequence data is available 
GenBank/GSDB under accession number L 37781. 
ATAGCTTCCA TTGGCTGCTC AGCTACTAGA GAAGACACAT CAGCCGATTC 50 
CTTTGGGCCC TCTGACTTCG TACAGGAGCC GGACTTGCCC TGCCTCAGCC 100 
TAGCTCAGAG ACCATGAACG CTACACACTG CATCTTGGCT TTGCAGCTCT 150 
GCCTCCTGGC GATTTCTGGC TGCAGTAGTC AGGTCCCAAT CATTGAAGAA 200 
ATAGAAAATC TGAAGAGATA TTTCAACTCA AGTAACTCAG CTGTGGGGGA 250 
TAGTAAGGAC GTTGTTTTAC ATGTCTTGAG GAACTGGCAA GAGGATGGCG 300 
ACACAAAAGT AATTGATGTC CAGATTGTCT CTTTCTACTT CAAACTCTTT 350 
GAAGCCTTGA AAGGCAACCA AGCCATTGAG AAGAGCATAA ACGCCATCAG 400 
GGCAGATCTA ATCGCTAACT TCTTTAACAA CAGTGAAGCG AAATACGATG 450 
GGTTCATGAG CATCATGAAG ATTGAGGTAA ATGATCCACA GATCCAGAGC 500 
AAAGCTATCA ATGAACTTGT CAAAGTAATG GGCCATCTGT CACCCAGAGT 550 
CACCCTAAGG AAGCGGAAAA GGAGTCGGTG CTGCTTCGGA GGTGGCAATC 600 
GTCTAAATAA GAACAATCCT GCCAGCACTA TTTGAATCTT GAATCTAAAC 650 
CTATTTATTA ATATTTAAAA TTATTTATAT GGAGAATATA TTTTTAAACT 700 
CATCAATCAA AGAAATATTT ATAATAGCAA CTTTTTGTCA TAAGAATGAA 750 
TTTCTATTAA TATATAAGTT ATTTATAATT TCTGTAGCCT TAACTATTTC 800 
ACTTAACCAG TTAACTCTTT CTGACTAATT CACCAAGACT GTGATTACAA 850 
GGTTGTATCT GGGGAGGCCA GCCAGCCAGT GCACTGAAGT CAGTTGTGGG 900 
TTGTACACTT ATTTCACTTG ACAACGAGGA ACATTTAGAG CTGCAATGAC 950 
CCCATGAGGT GGTGCTTCTG GTGCCTGGAG AACATGTCCA GTTCTCCCAC 1000 
TGAGCCAGCA GCGCTTTAAT AACACGCCAG AGAATACTTC AGTGTGTTAG 1050 
GTAGTACAAA TGGTCCCTGG AGGAAGACAG TGTCTCAGGA GATTTTTACA 1100 
CCTGGTGCTT CTGAATACTT CTGAAAGCTG TGACTGCACC CAAATGGCAA 1150 
ACAACTCACT TGTTTACAGT TTATCACGGT CTAATGCCCA TGAATAAAGT 1200 
GTAAGTTCAC AACT poly A 
Fig. 16. The nucleotide sequence of full length 
for gerbil IFN-y. This sequence data is available 
GenBank/GSDB under accession number L 37782. 
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A 
MGLSPQLAAV LLCLLVCTGN YARRQDREAG LREIIHNLDQ VLKKETPCTE 50 
MFVPDVLIAT KNTTEKGLLC RATRVLRKFY FPREVTPCLK NNSGVLSILR 100 
KLCRSISTLH PQESCSVSTP TLTTLNDFLG RLRGIMQMKN WQG 
B 
MRLPLQLSIL TLAWVWAVAL EIPMSAWKE TLIQLSTHRA LLTSNETVRL 50 
PVPTHKNHQL CIGEIFQGLD ILKNQTARGG AVETLFQNLS LIKKYIDRQK 100 
EKCGEERRRA RQFLDYLQEF LGVMSTEWTM EG 
C 
MPSSALLYCL ILLAGVRPSR GEYPRNESNC THFPVSQTHM LRELRAAFSQ 50 
VKTFFQKKDQ LDNILLTDSL QQDFKGYLGC QALSEMIQFY LVEVMPQAEN 100 
HGPEIKENLN SLGEKLKTLR MQLRRCHRFL PCENKSKAVE QVKNDFNKLQ 150 
EKGVYKAMNE FDIFINCIEA YMTIKHKS 
D 
MNATHCILAL QLCLLAISGC SSQVPIIEEI ENLKRYFNSS NSAVGDSKDV 50 
VLHVLRNWQE DGDTKVIDVQ IVSFYFKLFE ALKGNQAIEK SINAIRADLI 100 
ANFFNNSEAK YDGFMSIMKI EVNDPQIQSK AINELVKVMG HLSPRVTLRK 150 
RKRSRCCFGG GNRLNKNNPA STI 
Fig. 17. Deduced amino acid sequences of gerbil IL-4 
(panel A), IL-5 (panel B), IL-10 (panel C) and IFN-y 
(panel D). The putative signal peptides are in italics. 
Abbreviations for the amino acid residues are as 
follows: A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, 
Gly; H, His; I, Ile; K, Lys; L, Leu; M, Met; N, Asn; P, 
Pro; Q, Gin; R, Arg; S, Ser; T, Thr; V, Val; W, Trp; Y, 
Tyr. 
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Table 6. Nucleotide and Amino Acid Identity between 
Gerbil and Mouse, Rat or Human for IL-4, IL-5, IL-10 




































 Data used for calculation of these identities are 
from references (Lee et al., 1986; McKnight et al., 
1991; Yokota et al., 1986; Kinashi et al., 1986; Uberla 
et al., 1991; Tanabe et al., 1987; Kevin et al., 1990; 
Goodman et al., 1992; Vieira et al., 1991; Gray and 
Goeddel, 1982, 1983; Dijkema et al., 1985). 
2
 Nucleotide identity in open reading frame sequences, 
without taking into account the regions where gaps were 
introduced to maximize the overall identity. 
3
 Amino acid identity in deduced precursor protein 
sequences. 
Table 7. Tolerance for Differences between the Mouse 
Oligonucleotide Primer and the Gerbil cDNA Template 
Name1 Sequence (5'-3')2 Tolerance (%)3 
mIL-2F ATG TAC AGC ATG CAG CTC GCA TC 
gIL-2F ATG TAC AGC AGG CAG CTC GCA TC 
mIL-2R GGC TTG TTG AGA TGA TGC TTT GAC A 
gIL-2R TCA TTG TTG AGA TGG CAC TTT GAC A 15 
mIL-4F ATG GGT CTC AAC CCC CAG CTA GT 
gIL-4F ATG GGT CTC AGC CCC CAG CTA GC 
mIL-4R GCT CTT TAG GCT TTC CAG GAA GTC 
gIL-4R CCC TCT TAG GCG TCC CAG GAA GTC 17 
mIL-5F CAG TGG TGA AAG AGA CCT TG 
gIL-5F CCG TGG TGA AGG AGA CCT TG 
mIL-5R CCA AGG AAC TCT TGC AGG TA 
gIL-5R CCG AGG AAC TCT TGC AGG TA 8 
mIL-lOF TAC TTG GGT TGC CAA GCC 
gIL-lOF TAC TTG GGT TGC CAA GCC 
mIL-lOR TGA GGT ATC AGA GGT AA 
gIL-lOR TGA GGT ATC AGA GGT AA 0 
mlFN-yF T G A A C G C T A CAC ACT GCA TCT TGG 
glFN-yF T G A A C G C T A C A C A C T G C A T C T T G G 
mlFN-yR C G A C T C C T T T T C C G C T T C C T G A G 
gIFN-yR C G A C T C C T T T T C C G C T T C C T T A G 2 
1
 Names of mouse (m) forward (F) and reverse (R) 
primers as well as gerbil (g) corresponding forward and 
reverse sequences for specific interleukin (IL) and 
interferon-gamma (IFN-y). 
2
 Different nucleotides in mouse primer sequences from 
those in gerbil corresponding sequences are underlined. 
3
 Tolerance (%) = total different base(s) in both 
primers/total bases of in both primers X 100. 
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such a host for these parasites. Having isolated and 
sequenced gerbil Thl- and Th2-type cytokine cDNAs, we 
are now in a position to address the issue. 
CHAPTER FIVE 
IDENTIFICATION OF TWO FORMS OF THE HYPOXANTHINE 
GUANINE PHOSPHORIBOSYL TRANSFERASE cDNA IN 
GERBILS (MERIONES UNGUICULATUS) 
5.1 Introduction 
Hypoxanthine guanine phosphoribosyl transferase 
(HPRT, EC 2.4.2.8) is a purine salvage enzyme that 
catalyses the conversion of hypoxanthine and guanine to 
their respective mononucleotides. The biosynthesis of 
purine and pyrimidine nucleotides is a crucial process 
for all growing cells since these molecules are the 
direct precursors of DNA and RNA. Because of its 
ubiquitous nature, HPRT is known as a "housekeeping" 
gene. The isolation of mammalian HPRT genes (Jolly et 
al., 1983; Konecki et al., 1982; Jansen et al., 1992; 
Melton et al., 1984) has been mainly for the molecular 
analysis of mutations in relation to Lesch-Nyhan and 
gouty arthritis caused by a deficiency in this enzyme 
(Kelley and Wyngaarden, 1983). More recently, the 
constitutive expression of this housekeeping gene at 
very low levels (Steen et al., 1990) has been exploited 
for use as an internal control in RT-PCR quantitation 
of cytokine mRNA (Svetic et al., 1991; Murphy et al., 
1993; Svetic et al., 1993a, 1993b; Wynn et al., 1993). 
The use of HPRT gene for this purpose has proven 
especially suitable since its range of detectable 
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expression is similar to that of the cytokines being 
examined. 
The successful isolation of the full length cDNAs 
for gerbil IL-2, IL-4, IL-5, IL-10 and IFN-y (Mai et 
al., in press) makes it possible to detect the 
expression of these cytokine genes by the RT-PCR 
method. The knowledge of the gerbil HPRT cDNA sequence 
is needed in order to design a pair of specific primers 
for use as controls of these RT-PCR experiments. The 
cloning of gerbil HPRT cDNA by cross-species PCR and 
RACE, and the DNA sequence analysis are described in 
this report. Two unique forms of the cDNA were 
discovered. 
5.2 Materials and Methods 
5.2.1 Isolation of Partial ORF cDNA by 
Cross-species PCR 
mRNA was isolated from a ConA-stimulated gerbil 
spleen cell preparation and reverse transcribed into 
cDNA which served as the template in cross-species PCR 
as described in a previous report (Mai et al.,1994). 
The sequences of the oligonucleotide primers used here 
were based on mouse and Chinese hamster HPRT cDNA 
conserved sequences. The forward (F) primer was 5'-CCC 
AGC GTC GTG ATT AG-3' and reverse (R) primer was 5'-CCA 
GTT TCA CTA ATG ACA C-3'. 
5.2.2 Cloning of 5'- and 3'-RACE 
Fragments 
The 5' end of gerbil HPRT cDNA was cloned by 5'-
RACE as described in chapter 4. The sequences of the 
two nested reverse specific primers used were based on 
sequence data obtained from the cloned partial HPRT ORF 
cDNA. The reverse specific (RSP1) primer used in the 
cDNA synthesis was 5'-AAA CAT GAT TCA AAT CCC TGA ACT-
S', and the nested reverse specific (RSP2) primer used 
in 5 ' -RACE was 5 ' -ACT CAT TAT AGT CAA GGG CAT ATC-3 ' . 
Nearly full length cDNAs, lacking 18 bp at the 5' 
end, but containing poly A and adapter sequences at the 
3' end, were generated by two rounds of 3'-RACE. The 
mRNA was primed with a poly T adapter (PTAP) primer, 
5' -CCA CGC GTC GAC TAG TAC T17-3' , into the first 
stranded cDNA which served as the template in the first 
round of 3'-RACE, using a forward specific (FSP1) 
primer located at the beginning of the 5' UTR, 5'-CCT 
CCT CTG CCG CCT TCC-3' , and a reverse adapter (AP) 
primer, 5'-CCA CGC GTC GAC TAG TAC-3'. To increase the 
reaction specificity and obtain enough amplified 
products, a second round of 3'-RACE was conducted in 
100 ul volume using 5 ul of 1:20 diluted amplified 
mixture by the first round of 3'-RACE as template in 
the presence of a nested forward specific (FSP2) primer 
and an AP primer. Other conditions for the 3'-RACE are 
stated in chapter 4. 
5.2.3 DNA sequence Analysis 
The amplified DNA products were initially analyzed 
by 2% agarose gel electrophoresis, and then inserted 
directly into pCR II plasmids. These were transformed 
into iNVdF' bacterial cells using a commercial TA 
cloning™ kit (Invitrogen, San Diego, CA). Large scale 
plasmids were purified using WIZARD maxipreps DNA 
purification system (Promega Corporation, Madison, WI). 
Four independent clones were sequenced on both strands 
by the dideoxynucleotide chain termination method 
(Sanger et al., 1977) following the protocol supplied 
with the DNA sequencing kit (Sequenase Version 2.0, 
USB, Cleveland, OH). 
5.3 Results 
Agarose gel electrophoretic analysis of 3'-RACE 
products (Fig. 18) revealed that there were two DNA 
bands for the second round 3'-RACE, which likely 
represent two forms of nearly full length cDNA, lacking 
18 bp at the 5' beginning, of gerbil HPRT. The identity 
of these two forms of cDNA were confirmed by DNA 
sequencing analysis. Both cDNAs contained poly A and 
adapter sequences, although the length of poly A was 
slightly different among the clones (data not shown). 
Excluding the poly A and adapter sequences, the length 
of the long and short cDNAs for gerbil HPRT are 1303 bp 
and 830 bp respectively. The short form has a 473 bp 
deletion at the 3' UTR when compared with the long 
form. However, both forms contain the same ORF, 
starting with a methionine initiation codon ATG, from 
nucleotide location 62 and extending to nucleotide 718, 
with the same stop codon, TAA (Fig. 19). The calculated 
molecular weight of gerbil HPRT containing 218 amino 
acids is 24,536 (Fig. 20). The identity of the 
nucleotide sequence between the gerbil HPRT coding 
sequence and the coding sequences of human, Chinese 
hamster, rat and mouse HPRT genes is 93%, 94%, 94% and 
96%; while the identity of the amino acid sequences 
between these compared species is 94%, 93%, 95% and 95% 
respectively (Jolly et al., 1983; Konecki et al., 1982; 
Jansen et al., 1992; Melton et al., 1984). 
5.4 Discussion 
The isolation of cloned sequences of HPRT cDNA by 
conventional nucleotide hybridization is difficult due 
to the normally low levels of gene expression. Previous 
studies indicated that HPRT mRNA accounts for only 
0.01% of the total mRNA population in many cells 
(Melton et al. , 1981; Steen et al., 1990). Taking 
advantage of the sensitivity of PCR, gerbil HPRT cDNAs 
were successfully isolated. 
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Fig. 18. Two percent agarose gel electrophoretic 
analysis of 3'-RACE products stained with ethidium 
bromide. Lane 1 and 3 represent the first and second 
round of 3'-RACE products, while lane 2 and 4 indicate 
their negative controls, respectively. The second round 
of 3'-RACE products both should contain nearly full 
length cDNAs of gerbil HPRT, which include poly A and 
adapter sequences, but lack 18 bp sequence at the 































































































































































Fig. 19. Complete nucleotide sequence of a ge rb i l HPRT 
cDNA (GenBank/GSDB accession number L37778). There are 
two forms of cDNA for gerbi l HPRT. The sequence of the 
short form has a 473-bp de le t ion indicated by low case 
l e t t e r s when compared wi th t h e long form. The 
methionine i n i t i a t i o n codon, s top codon and the 
puta t ive polyadenylation s ignal are underlined. 
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MATRSPSIVI GDDEPGYDLD LFCIPKHYAE DLEKVFIPHG LIMDRTERLA 50 
RDVMKEMGGH HIVALCVLKG GYKFFADLLD YIKSLNRNTD RSIPMTVDFI 100 
RLKSYCNDQS TGDIKVIGGD DLSALTGKNV LIVEDIIDTG KTMQTLLSLV 150 
QKYSPKMVKV ASLLVKRTPR SVGYRPDFVG FEIPDKFWG YALDYNEYFR 200 
DLNHVCVISE SGKAKYKA 
Fig. 20. Deduced amino acid sequence of gerbil HPRT. 
Abbreviations for the amino acid residues are as 
follows: A, Ala; C, Cys; D, Asp; E, Glu; F., Phe; G, 
Gly; H, His; I, Ile; K, Lys; L, Leu; M, Met; N, Asn; P, 
Pro; Q, Gin; R, Arg; S, Ser; T, Thr; V, Val; W, Trp; Y, 
Tyr. 
The long form cDNA sequence is 1303 nucleotides 
long. This length is in agreement with the size of the 
other mammalian HPRT cDNAs identified which are 1360 bp 
in human (Jolly et al., 1983), 1301 bp in Chinese 
hamster (Konecki et al., 1982), 1146 bp in rat (Jansen 
et al., 1992) and 1307 bp in mouse (melton et al., 
1984). This observation suggests that the long form 
corresponds to the forms isolated in these mammalian 
species, while the short form encodes a unique 
truncated cDNA. Human and mouse HPRT genes have nine 
exons within a 44 kb expanse of genomic DNA and the 
intron/exon junctions for both species are identical 
(Melton et al., 1984; Patel et al., 1984). Comparison 
of the nucleotide sequence of the deleted portion of 
the short form of gerbil HPRT cDNA with that of human 
or murine genomic HPRT sequence revealed that the 
deleted portion corresponded to a part of the exon 9, 
although the structure of genomic gerbil HPRT DNA has 
not been isolated and analyzed. Several mechanisms are 
conceivable that would generate two forms of cDNA for 
gerbil HPRT. First, the short form may be an artifact 
due to the wrong priming by the poly T adapter primer 
during the reverse transcription or by the adapter 
primer during 3'-RACE. Second, gerbil HPRT may be 
encoded by more than one gene. Third, there may be an 
imprecise splicing during RNA processing after the 
transcription. The first possibility is unlikely. There 
is no rich A sequence at the beginning of the deleted 
sequence which would serve as alternative priming site 
for poly T adapter primer during the first stranded 
cDNA synthesis. Further, a complementary sequence for 
adapter primer annealing on it during 3'-RACE is not 
present in the deleted sequence. Even if there were 
such sequences, it still contradicts the fact that 
every clone of short form cDNA obtained has a different 
length poly A and adapter sequence at their 3' ends 
(data not shown). Therefore, the first possibility can 
be eliminated. The second possible explanation for the 
expression of these two forms is also not supportable. 
HPRT is encoded by a single X-linked structural gene 
(Lesch and Nyhan, 1964). In addition to the functional 
X-linked HPRT gene, four homologous autosomal sequences 
have been detected and localized in man (Patel et al., 
1984). However these sequences are processed 
pseudogenes presumably derived from intronless RNA 
intermediates. Obviously, the short form of gerbil HPRT 
cDNA does not belong to a pseudogene for it contains 
an entire ORF. Finally, whether this short HPRT cDNA is 
generated by imprecise splicing of the RNA is unknown 
and data from experiments necessary to support this 
mechanism are not available. 
The gerbil HPRT cDNA will be made available for 
interested researchers on request for studying the 
organization of normal gerbil HPRT gene and the genetic 
basis of the enzyme deficiency. We expect that this 
cDNA sequence data will be useful to design PCR primers 
for the control of gerbil cytokine mRNA quantitatiion 
in RT-PCR assays. 
CHAPTER SIX 
CYTOKINE GENE EXPRESSION IN LYMPHOID TISSUES OF 
GERBILS (Meriones unguiculatus) DURING A PRIMARY 
BRUGIA PAHANGI-INFECTION 
6.1 Introduction 
Lymphatic filariasis is caused by infections of 
the nematode parasites Wuchereria bancrofti, Brugia 
malayi, and Brugia timori. This spectral disease has a 
wide range of clinical signs which have been associated 
with variations in the immune response (King and 
Nutman, 1991). Although multiple mechanisms have been 
proposed to be responsible for these variations, 
parasite induced alterations in cytokine expression 
have been suggested to be mediators of these changes 
(Mahanty and Nutman, 1995). In general, peripheral 
blood mononuclear cells (PBMC) of microfilaremic 
patients which do not respond to antigen in cellular 
assays, have been shown to produce IL-4, IL-5, and IL-
10. Conversely, cells from amicrofilaremic chronic 
pathology individuals tend to produce IL-2 and IFN-y 
(King et al., 1993). However, not all patients are 
easily placed into these categories (Maizels et al., 
1995; Nutman, 1995) and it is difficult to clearly 
define mechanisms using PBMC of patients in endemic 
areas, who have multiple infectious diseases. 
Murine models of lymphatic filariasis have been 
used in attempts to experimentally clarify the role of 
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cytokines in this infection. These experiments 
demonstrate that multiple intravenous (IV) inoculations 
of Brugia MF or MF extracts, irradiated L3, and adults 
implanted intraperitoneally (IP), induce a dominate Th2 
cytokine response (Pearlman et al., 1993; Bancroft et 
al., 1993 and Lawrence et al., 1994). This response in 
sensitized mice correlates with the more rapid removal 
of MF (Pearlman et al., 1993) and killing of L3 
(Bancroft et al., 1993). Pretreatment of mice with IL-
12 causes a shift from the Th2 dominance of this 
response but fails to alter the anti-MF response 
(Pearlman et al., 1995). Similarly, infections of IL-4 
deficient mice with adult worms did induce a Thl-type 
response, but did not alter the susceptibility 
phenotype of this model to L3, adult worms or 
microfilariae (Lawrence et al.,1995). Nonetheless, 
studies in this nonpermissive host are not able to 
relate these immunological phenomena directly to 
pathogenic or natural parasitological events that occur 
in permissive hosts. 
The Mongolian gerbil, (Meriones unguiculatus) is a 
permissive host for Brugia spp. and has been widely 
used to study the host parasitic relationship of these 
parasites (Klei, 1991). In the gerbil, Brugia develop 
to adults, producing lymphatic lesions similar 
histologically to those seen in other permissive hosts 
including humans (Vincent et al., 1980; Jeffers et al., 
1987; Connor et al., 1986; Von Lichtenberg, 1987). 
These granulomatous lesions are immunologically 
mediated (Ottesen, 1992; Nutman, 1995; Maizels and 
Lawrence, 1991) and downregulate as the infection 
matures to a chronic microfilarimic state (Klei et al., 
1988, 1990). In this condition, these animals remain to 
be susceptible to reinfection (Klei et al., 1987), 
although immunization with irradiated L3 induces a 
significant level of protective resistance (Petit et 
al., 1993). The major difficulty in using this animal 
model has been the absence of immunologic reagents or 
assays for use in this rodent species. This report 
describes a modified competitive RT-PCR ELISA method 
for measuring gerbil IL-2, IL-4, IL-5, IL-10, and IFN-y 
expression. This method was used to measure cytokine 
mRNA expression in lymphoid tissues during the course 
of a primary infection of Brugia pahangi. 
6.2 Materials and Methods 
6.2.1 Animals and Parasites 
Inbred male gerbils of 8 to 10 weeks of age 
(Tumblebrook Farms, West Brookfield, MA) were 
maintained on standard rodent chow and water ad 
libitum. Brugia pahangi L3 were reared in Aedes 
aegypti, recovered, and inoculated as previously 
described (Klei et al., 1990). 
6.2.2 Isolation of Poly A-containing 
CDNAS 
Isolation of mRNA from Con A-stimulated spleen 
cells was performed as previously described (Mai et 
al., 1994). mRNA was reverse transcribed into single 
stranded cDNA with Superscript™ II RNase H~ reverse 
transcriptase (GIBCO BRL, Gaithersburg, MD) in the 
presence of poly dT adapter primer, 5'-CCA CGC GTC GAC 
TAG TAC Ti7-3'. Poly A-containing cDNAs for IL-2, IL-. 
4, IL-5, IL-10 and IFN-y were isolated by two rounds of 
nested PCR using adapter primer, 5'-CCA CGC GTC GAC TAG 
TAC-3' and nested specific primers located at the 5' 
beginning ends of the full length cytokine cDNAs (Table 
8). The poly A-containing cytokine cDNAs were cloned 
into pCR II plasmids (Invitrogen, San Diego, CA) . A 
recombinant pCR II plasmid containing a poly A-
containing cytokine cDNA with appropriate orientation 
(SP6 phage promoter is located at upstream of the 5' 
end cDNA) was selected for each cytokine cDNA. After 
sequencing analysis, the length of poly A for IL-2, IL-
4, IL-5, IL-10 and IFN-y in the selected plasmids was 
demonstrated to be 58, 33, 48, 56, and 38 bases long 
respectively. These recombinant plasmids were termed 
pCRIL-2poly(A)W, pCRIL-4poly (A) W, pCRIL-5poly(A)W, 
pCRIL-10poly(A)W, and pCRIFN-ypoly(A)W. 
Table 8. Nested Primers for Isolation of 
PolyA-containing cDNAs 



























































































 The full length cDNA sequence for gerbil IL-2, IL-4, 
IL-5, IL-10, and IFN-y can be retrieved from the 
GenBank/GSDB through accession numbers X 68779, L37779, 
L37780, L37781, and L37782 respectively. 
6.2.3 Construction of DNA Mutant 
Competitors 
The DNA mutant competitors were constructed by 
site-directed mutagenesis, so that the mutants mimic 
the wild type cDNAs. The mutations included a deletion 
in the center of the cDNA to allow the two types of 
molecules to be differentiated by size on agarose gel. 
In addition, each mutant cDNA contained a 17 base 
insertion, 5'-CGA TAC CGT CGA CCT CG-3' (Taniguchi et 
al., 1994), for oligonucleotide probe recognition, 
reducing the need for multiple probes for detection of 
competitor cDNAs. To achieve this goal, inverse PCR 
was conducted, in which oligonucleotide primers were 
designed in inverted tail-to-tail directions to amplify 
the recombinant pCR II vector beginning from the 
inserted cytokine cDNA fragment (Fig. 21). The 
oligonucleotide primers consist of specific cDNA 
sequence at the 3' end and the insertion sequence at 
the 5' end underlined (Table 9). After the PCR with 
these primers, amplified linear DNA was self-ligated, 
and used to transform competent E. coli cells. PCR of 
15 cycles at 95°C, 30 sec, 35°C, 2 min and 72°C, 6 min 
was employed in 100 ul of reaction mixture. This 
mixture contained 20 mM Tris-HCl (pH 8.75), 10 mM KC1, 
10 mM (NH4)2S04, 2mM MgS04, 0.1 % Triton X-100, 100 
ug/ml nuclease-free BSA, 150 uM each of dNTPs, 100 ng 
of the recombinant pCR II plasmid, 1.25 uM each of the 
primers and 5 units of TagPlus™ DNA polymerase 
(STRATAGENE, La Jolla, CA). To flush out both single A-
residue on the 3' ends of the amplified products, 20 
units (extra amount) pfu DNA polymerase which possesses 
3'-5' exonuclease activity was added into the amplified 
mixture. A portion of the purified PCR product with 
blunt ends was self-ligated in 15 ul of 50 mM Tis-HCl 
(pH 7.5), 10 mM MgCl2, 10 mM DTT, 1 mM ATP, 25 ug/ml 
BSA, 5 units of T4 polynucleotide kinase and 5 units of 
T4 DNA ligase at 14°C for 12 h. The self-ligated 
plasmids were transformed into INV3F' E. coli bacterial 
cells. These resultant plasmids were referred as to 
pCRIL-2poly(A)M, pCRIL-4poly(A)M, pCRIL-5poly(A)M, 
pCRIL-10poly(A)M, and pCRIFN-ypoly(A)M. 
6.2.4 Construction of Wild Type and 
Mutant Type Standard DNA 
PCR of 22 cycles at 95°C, 30 sec, 52°C 1 min, and 
7 2°C, 1.5 min was performed in 2 00 ul volume 
respectively using 0.5 ng of the wild type plasmids: 
pCRIL-2poly(A)W, pCRIL-4poly (A) W, pCRIL-5poly(A)W, 
pCRIL-10poly(A)W, and pCRIFN-ypoly(A)W, as well as 
mutant type plasmids: pCRIL-2poly(A)M, pCRIL-4poly(A)M, 
pCRIL-5poly(A)M, pCRIL-10poly(A)M, and pCRIFN-ypoly(A)M 
as templates. An oligonucleotide primer, 5'-ACG CCA AGC 




mm * 1 — 
Self - l iga t ion 
Fig . 21 . S t ra tegy for generat ing a d e l e t i o n and an 
unique i n s e r t i o n sequence of 17 bases i n t h e 
recombinant pCR I I vec to r s . Solid l i n e s , open boxes, 
so l i d boxes and small arrows ind i ca t e plasmid DNAs, 
inser ted cytokine cDNA, unique inse r t ion sequences, and 
PCR primers r e spec t ive ly . After the inverse PCR, the 
r e s u l t i n g mutated DNA i s s e l f - l i g a t e d , and used to 
transform the E. coli. 
Table 9. Primers for Construction of Mutant 












































































































 The underlined bases are the insertion sequence. The 
specific sequence positions can be referred to the full 
length cDNA sequences for gerbil IL-2, IL-4, IL-5, IL-
10, and IFN-y which are retrievable from the 
GenBank/GSDB through accession numbers X 68779, L37779, 
L37780, L37781, and L37782 respectively. 
the plasmid sequence upstream of the inserted fragment, 
and contains a SP6 phage promoter (underlined), and an 
adapter primer were used in each of this PCR. All of 
these amplified DNA products were purified, quantitated 
by OD260/ and named, IL-2poly(A)W, IL-4poly(A)W, IL-
5poly(A)W, IL-10poly(A)W and IFN-ypoly(A)W, as well as 
IL-2poly(A)M, IL-4poly(A)M, IL-5poly(A)M, IL-10poly(A)M 
and IFN-ypoly(A)M respectively. 
6.2.5 Synthesis of Mutant Competitor RNA 
The synthesis of mutant competitor RNAs were 
performed with 1 ug templates of the mutant type 
standard DNAs, using AmpliScribe SP6 transcription kit 
(EPICENTRE TECHNOLOGIES, Madison, WI), according to the 
manufacturer's instructions. The quantitation of 
synthetic mutant RNA competitors was determined by 
OD260- They were named IL-2poly(A)RNAM, IL-
4poly(A)RNAM, IL-5poly(A)RNAM, IL-lOpoly(AJRNAM and 
IFN-ypoly(A)RNAM respectively. 
6.2.6 Collection of Samples 
To evaluate the reproducibility and sensitivities 
of this method in quantitation of the cytokine mRNA, 
2.5 x 106/ml of spleen cells pooled from 5 normal male 
gerbils at 3 months of age, were stimulated with 2 
ug/ml of Con A for 20 h, and harvested for RNA 
isolation. For the experiments measuring cytokine mRNAs 
in Brugia pahangi infected gerbils, spleen, renal lymph 
node (RLN), and axillary lymph node (ALN) were pooled 
from 5 gerbils at 14, 28, 56, and 150 days post-
infection (DPI). Uninfected gerbils served as controls. 
Tissues were collected in guanidinium isothiocyanate 
and immediately frozen at -70°C until used. 
6.2.7 RNA Isolation and cDNA Synthesis 
Total cellular RNA was isolated by acid 
guanidinium isothiocyanate/phenol/chloroform extraction 
as described (Chomczynski and Sacchi, 1987). The RNA in 
DEPC-treated dH20 was quantitated by OD260 and saved at 
-70°C. The condition of the starting RNA was assessed 
by testing for the presence of RNA of the hypoxanthine 
phosphoribosyl transferase (HPRT) house keeping gene. 
For this purpose, Conventional RT-PCR was conducted 
using HPRT gene specific primers (Table 10). The 
product was subjected to 2% agarose gel electrophoreses 
and visualized by ethidium bromide staining. A band of 
516 bp was visible for all samples tested (Fig. 22), 
indicating that different losses or degradation of RNA 
during the storage did not occur. 1 ug of total 
cellular RNA mixed with varying amounts of each mutant 
competitor RNA, was co-reverse transcribed using 
Superscript™ II RNase H~ reverse transcriptase (GIBCO, 
BRL) and oligo-dTi2-18 primer, first at 37°C for 30 
min, and then 4 5°C for another 3 0 min. The cDNA 
mixtures were treated in 0.4 N NaOH at 65°C for 30 min 
and then neutra l ized in 0.4 N ace t ic acid . The t r ea t ed 
cDNAs se rved as t h e t e m p l a t e s of q u a n t i t a t i v e 
competitive PCR. 
6.2.8 Competitive PCR and Agarose Gel 
E l e c t r o p h o r e s i s 
For the experiments of the v e r i f i c a t i o n of a 
l inea r r e l a t ionsh ip between the r a t i o of the wild type 
to mutant competitor DNA in the PCR products and the 
templates, wild type and mutant competitor standard DNA 
were used as templates. 
In quan t i t a t ive competitive PCR, 5 ul of the cDNA 
templa tes were ampl i f ied in a volume of 100 ul 
containing 25 mM MgCl2, 50mM KC1, 10 mM Tris-HCl (pH 
9.0 a t 25°C), 0.1% Triton X-100, 50 uM each dNTPs, 0.5 
uM each primer (Table 10) and 2.5 un i t s of Taq DNA 
polymerase (Promega Corpora t ion , Madison, WI) . 40 
cyc l e s of hot s t a r t PCR were performed wi th a 
programmable Microcycler™ (Eppendorf, Fremont, CA) 
according to the following s t eps : denaturat ion a t 95°C, 
30 sec; annealing a t 60°C for IL-2, IL-4, IL-5, IL-10 
and HPRT, 55°C for IFN-y, 1 min; extension a t 72°C, 1.5 
min. The f ina l extension s tep l as ted 7 addi t iona l min 
in each case . 
In order rlo insure the r e l i a b i l i t y and accuracy of 
ELISA r e s u l t s , aga rose ge l e l e c t r o p h o r e s i s of 
94 
Table 10. Oligonucleotides for Competitive 
RT-PCR ELISA 
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 All primers for competitive RT-PCR have been designed 
to lie on different predicted exons according to the 
genomic gene sequence of mouse species, so that priming 
of genomic DNA will yield products of distinct sizes. 
2 All probes, however, are each split by a predicted 
intron, and hence don't detect genomic DNA, due to 
inefficient hybridization (Murphy et al., 1993). 
3
 The competitor probe (CP) for the 5 cytokines were 
constructed to hybridize to the same insertion 
sequence. 
competitive PCR products were first done to obtain the 
primary visual records of relative densities between 
the wild type and mutant competitor bands (Fig. 23), 
based on the fact that different sizes for wild type 
and mutant competitor fragment generated in competitive 
PCR were designed (Fig. 24). Also, from the primary 
visual records, a competitive PCR sample with DNA 
products at an approximate equivalent point (equal band 
densities of the wild type and mutant competitor DNAs 
shown on a gel) were determined (Fig. 23), so that 
fewer competitive PCR samples (3-4) around the 
equivalent point were examined by ELISA. 
6.2.9 ELISA-based Quantitation of PCR 
Products 
The biotinylated PCR products of wild type 
cytokine cDNA and mutant competitor cDNA were measured 
by ELISA (Fig. 25). In order to quantitate the ratio of 
amplified wild type to mutant DNA, a wild type cytokine 
specific probe and a mutant competitor probe (CP) were 
used for the differential hybridization in ELISA. Each 
PCR sample containing both wild type and mutant cDNA 
was spilt into 6 wells in a 96-well microtiter plate 
(Immulon 2, round bottom, Dynatech). One triplicate of 
wells was used for detection of wild type DNA and the 
second triplicate was used to detect mutant competitor 
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14 DPI 28 DPI 56 DPI control 
M 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 M 
1 50 DPI control 
M 1 2 3 4 1 2 3 4 M 
Fig. 22. DNA fragments of an expected size of gerbil 
HPRT gene were amplified by RT-PCR, indicating the 
quality of the RNAs isolated from all the tested 
samples was in a good condition. The PCR products were 
analyzed by 2% agarose gel electrophoresis and stained 
by ethidium bromide. Panel A represents the samples 
collected at 14, 28 and 56 DPI and the acute infection 
control samples from the young uninfected gerbils. 
Panel B shows the samples collected at 150 DPI and the 
chronic infection control samples from the old 
uninfected gerbils. Figures of 1, 2, 3 and 4 in the 
panel A and B all represent the samples of blood, 
spleen, renal lymph nodes and axillary lymph nodes. The 
data of cytokine mRNA quantitation for the blood 
samples are not reported in this dissertation. 
Fig. 23. Competitive RT-PCR ana lys i s of g e r b i l IFN-y 
mRNA. lug of t o t a l RNA was mixed with varying amounts 
of IFN-y mutant competitor RNA. Lanes 1-6 represent s ix 
t h r e e - f o l d d i l u t i o n of IFN-y mutant compet i tor RNA, 
s t a r t i n g a t 5 zeptomoles . Lane 7 was a n e g a t i v e 
c o n t r o l . The PCR a m p l i f i e d - p r o d u c t s were 
e l ec t rophoresed in a 2% agarose gel s t a i n e d with 
ethidium bromide. Similar band pa t t e rns were seen for 
other cytokines in the competitive PCR. 
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Fig. 24. Band pattern of the wild type and mutant 
competitor fragments on 2% agarose gel stained by 
ethidium bromide. Lane 1-6 represent the amplified 
fragments for IL-2, IL-4, IL-5, IL-10, and IFN-y 
respectively. All the upper bands represent the wild 
type fragments, while all the lower bands indicate the 
mutant competitor fragments. The size of wild type 
fragments for IL-2, IL-4, IL-5, IL-10, and IFN-y is 485 
bp, 464 bp, 525 bp, 634 bp, and 677 bp respectively; 
while the size of the corresponding mutant competitor 
fragments is 339 bp, 324 bp, 367 bp, 442 bp, and 465 
bp. 
DNA. Five ul aliquot was added into each advidin-coated 
well. These were incubated for 30 min at RT or 
overnight at 4°C. Nonbiotinylated cDNA strands were 
removed by washing with 1 N NaOH. Biotinylated cDNA 
strands were hybridized by corresponding fluorescein-
labeled oligonucleotide probes (Table 10) at 37°C for 
15 min, followed by washing with 0.1 X SSPE at 37°C for 
10 min. An alkaline phosphatase conjugated antibody to 
fluorescein was added and incubated at 37°C for 15 min. 
Between each of above steps, 4-5 times of wash were 
performed with TBS/Tween solution. Finally, a substrate 
for alkaline phsphatase and a amplifier sequentially 
were added using ELISA Amplification System (GIBCO BRL) 
following the manufacturer's instructions. The reaction 
was stopped with 0.3 M H2SO4. At the same time, a 
negative control (without PCR sample) was performed for 
background measurement; and a positive control, for the 
monitoring of ELISA performence. Optical densities were 
measured at 490 nm with a microplate reader (Dynatech, 
Alexandria, VA), and data were analyzed with a Cricket 
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F i g . 25 . Schematic diagram of t he enzyme-linked 




6.3.1 Validation of the Competitive RT-
PCR ELISA 
All probes listed in Table 10 were tested for 
their specificity by cross hybridization in ELISA. None 
of the probes showed cross reactivity between the wild 
type gene and the corresponding mutant competitor gene. 
A known amount of wild type DNA (IL-2poly(A)W, IL-
4poly(A)W, IL-5poly(A)W, IL-lOpoly(A)W and IFN-
ypoly(A)W) was co-amplified with a series dilution of a 
mutant competitor DNA (IL-2poly(A)M, IL-4poly(A)M, IL-
5poly(A)M, IL-10poly(A)M and IFN-ypoly(A)M). They were 
subjected to competitive PCR ELISA. The ratios in the 
PCR products bore a linear relation to the ratio in the 
initial mixtures in all instances. This linear 
relationship for IFN-y is demonstrated in Fig. 26. The 
co-efficient factors R2 for IL-2, IL-4, IL-5, IL-10 and 
IFN-y were 0.983 (P < 0.001), 0.983 (P < 0.001), 0.985 
(P < 0.001), 0.986 (P < 0.001) and 0.987 (P < 0.001) 
respectively. 
6.3.2 Reproducibility and Sensitivity 
1 ug of total RNA was mixed with 3 fold dilution 
series of the mutant competitor RNA, prior to RT-PCR 
ELISA. Since the ratio of the wild type and mutant 
competitor templates should remain constant during 
amplification, the quantity of mutant competitor RNA 
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added which yields an equal amount of the two PCR 
products is also equal to the initial amount of wild 
type mRNA. This method of calculation was used to 
determine wild type mRNA concentration. An example of 
this calculation for IFN-y is shown in Fig. 27. 
The reproducibility of the competitive RT-PCR 
ELISA was tested for each cytokine mRNA. Cytokine mRNA 
levels in Con A-stimulated spleen cells were assayed 
using separate co-reverse transcription, co-
amplification by PCR, and ELISA reactions 3 times. 
Total RNA of spleen cell culture was harvested 20 h 
post stimulation. Of these cytokines, IL-10 (3810 ± 
1459 zeptomoles), IL-4 (3327 ± 1421 zeptomoles), and 
IL-2 (2058 ± 350 zeptomoles) mRNAs were expressed at 
high levels; while IL-5 (234 ± 99 zeptomoles) and IFN-y 
(24 ± 6 zeptomoles) mRNAs were yielded lower amounts. 
The coefficient of variance (CV) for the IL-2, IL-4, 
IL-5, IL-10 and IFN-y is 17%, 43%, 42%, 38% and 25% 
respectively. The difference between the 3 experiments 
was less than 3 fold for all cytokines (Table 11). 
The sensitivity of this method was estimated by 
mixing wild type and mutant competitor RNA at ratio 1:1 
in decreasing amounts ranging from 15 to 0.015 
zeptomoles. After competitive RT-PCR ELISA assay, the 
ratios of wild type to mutant competitor PCR products 
were calculated. The sensitivity was determined as the 
lowest amount of the initial RNA which yield calculable 
ratio of wild type to mutant competitor PCR products. 
Therefore, the estimated sensitivities for gerbil IL-2, 
IL-4, IL-5, IL-10, and IFN-y mRNAs ranged from 0.5 to 
1.5 zeptomoles (Table 12). 
6.3.3 Measurement of Cytokine mRNAs in 
Brugia pahangi Infected Gerbils 
Gerbil cytokine mRNA expression during a primary 
infection of Brugia pahangi was examined. Spleen, renal 
lymph nodes, and axillary lymph nodes of gerbils were 
collected at 14, 28, 56, and 150 days post-infection 
(DPI). Tissues were pooled and lysed for RNA 
extraction. The RNA samples were subjected to the 
competitive RT-PCR ELISA. The general results are 
summarized in Table 13. IFN-y mRNA was not detected 
above sensitivity threshold at any time in these 
tissues. The rest of the cytokine mRNA could be 
detected in all tested tissues at certain time points. 
In order to visualize changes seen over time, the data 
is also expressed as fold increases over the threshold 
levels for each cytokine (Fig. 28, 29 and 30). In the 
renal lymph nodes (Fig. 28), IL-2 mRNA was detected at 
14 DPI, increased at 28 DPI and then dramatically 
decreased below sensitivity threshold. The increase in 
IL-4 message was first seen at 28 DPI and continued to 
be expressed at elevated levels at 56 and 150 DPI. IL-5 
mRNA was only detected above sensitivity threshold at 
14 DPI which corresponds with the increase of the 
eosinophil at this time point (Fig. 1). Interestingly, 
IL-10 mRNA levels were below the control levels at 14 
and 28 DPI. However, increase of IL-10 mRNA was seen at 
150 DPI. Taken together, the overall character of 
cytokine expression pattern in these tissues is that of 
a ThO like response, which occurs at an early stage, 
and then shifts to a Th2 like response as infections 
mature. This shift likely began as early as at 28 DPI. 
A similar, although delayed, pattern of expression was 
seen in other tissues examined (Fig. 29 and 30). 
6.4 Discussion 
The method developed to measure gerbil cytokine 
mRNA has proven to be sensitive, safe and acceptably 
accurate. Data recovered from the sensitivity assay 
indicate that the gerbil cytokine mRNA at the level of 
0.5 to 1.5 zeptomoles can be measured. This sensitivity 
is in agreement with the results for the similar 
quantitative methods in previous reports (Kohsaka et 
al., 1993; Taniguchi et al., 1994). Incorporation of 
radiolabled nucleotide following electrophoresis of the 
PCR product has been used to quantitatively measure 
cytokine mRNA (Melby et al., 1993). However, the ELISA-
based detection method allows for measurement of PCR 






































IFN-y wild type /IFN-y competitor mutant 
ratio in initial PCR DNA templates (log) 
Fig. 26. Demonstration of a linear relationship between 
the ratio of the IFN-y DNA to the IFN-y mutant 
competitor DNA in the PCR product and template. A 
constant amount of IFN-y poly(A)W DNA was mixed with 
serial dilution of the IFN-y poly(A)M DNA ranging from 
5 to 1,5 00 zeptomoles. They were then analyzed by 
competitive PCR ELISA. The similar linear relationships 
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Amount of IFN-y competitor mutant 
gene (log zeptomoles) 
Fig. 27. Quantification of gerbil IFN-y mRNA in Con A-
stimulated spleen cells. The point of equivalence where 
the mutant competitor RNA added would give 1:1 ratio 
(login of 1:1 is 0) of the wild type to the mutant 
competitor in PCR was calculated. The amount of mutant 
competitor IFN-y mRNA represents the amount of wild 
type IFN-y mRNA in the initial total RNA sample. 
Table 11. Cytokine mRNA Levels Recovered from 
Con A-stimulated Spleen Cells Measured at 
Three Separate Times 
















2058 ± 350 
3327 ± 1421 
234 ± 99 
3810 ± 1459 
24 ± 6 
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Table 12. Detection Sensitivity (Threshold) of 
the Competitive RT-PCR ELISA 1 
108 
RNA Amount (Zeptomoles) Estimated 
Cytokine 15 5 1.5 0.5 0.15 0.05 0.015 Sensitivity 
W 2 0.340 0.174 0.146 0 .065-0 .002 0.054 -0.002 
I L - 2 M 3 0.273 0.269 0.088 0.067 0.006 0 0 
W/M 1-245 0.647 1.659 0.970 _ - - 0 . 5 
W 0.301 0.192 0.112 0 0.002 0.042 -0 .001 
I L - 4 M 0.310 0.163 0.070 0.055 0.009 -0 .001 0.006 
W/M 0.971 1.178 1.600 - 0.222 - - 1 . 5 
W 0.233 0.137 0.082 0.028 0.019 0.047 0 
I L - 5 M 0-350 0.191 0.076 0 . 0 3 9 - 0 . 0 0 8 - 0 . 0 0 1 -0.012 
W/M 0.666 0.717 1.079 0.718 - 0 . 5 
W 0.115 0.081 0.081 0 0.013 0.039 0.022 
I L - 1 0 M 0.299 0.080 0.062 0.046 0.010 0.028 0.004 
W/M °-385 1.031 1.306 - 1.300 1.393 5.500 1 . 5 
IFN-y 
W 0.221 0.108 0.049 0.035 0.022 -0.014 -0.014 
M 0.137 0.067 0 . 0 4 8 - 0 . 0 1 2 - 0 . 0 1 0 - 0 . 0 1 3 0.019 
W/M 1-613 1.612 1.021 - - - - 1 . 5 
1
 Results of the ELISA were determined by OD490. 
2
 Wild type 
3 Mutant type 
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Table 13. Measurement of Cytokine mRNA in 
Brugia pahangi Infected Gerbils 1 
Stage Tissue IL-2 IL-4 IL-5 IL-10 IFN-r 
14 DPI2 RLN 2 <1.55 15 <1.5 <1.5 
Spleen 2 <1.5 57 <1.5 <1.5 
ALN 2 <1.5 15 <1.5 <1.5 
28 DPI RLN 21 24 <0.5 <1.5 <1.5 
Spleen 20 <1.5 <0.5 8 <1.5 
ALN 156 <1.5 <0.5 <1.5 <1.5 
56 DPI RLN <0.5 104 <0.5 10 <1.5 
Spleen <0.5 16 <0.5 26 <1.5 
ALN <0.5 <1.5 <0.5 <1.5 <1.5 
150 DPI RLN <0.5 46 <0.5 31 <1.5 
Spleen <0.5 66 <0.5 270 <1.5 
ALN <0.5 46 <0.5 31 <1.5 
Acute RLN <0.5 <1.5 <0.5 11 <1.5 
Control3 Spleen <0.5 <1.5 <0.5 13 <1.5 
ALN <0.5 <1.5 <0.5 3 <1.5 
Chronic RLN <0.5 <1.5 <0.5 10 <1.5 
Control4 Spleen <0.5 <1.5 <0.5 113 <1.5 
ALN <0.5 <1.5 <0.5 12 <1.5 
1
 The data are expressed as zeptomoles/ug total RNA. 
2
 DPI, days post-infection. 
3 Young normal gerbils for control of acute infection 
stages (14, 28, and 56 DPI). 
4 Old normal gerbils for control of chronic infection 
stage (150 DPI). 
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Days post infection 
Fig. 28. Pattern of cytokine mRNA expression in the 
renal lymph nodes during a primary infection of Brugia 
pahangi. The fold increase over control is used to 
represent the level of the cytokine gene expression. 
All values are expressed relative to uninfected 
controls, which are shown in Table 13. The lowest 



































Days post infection 
Fig. 29. Pattern of cytokine mRNA expression in the 
gerbil spleen during a primary infection of Brugia 
pahangi. The fold increase over control is used to 
represent the level of the cytokine gene expression. 
All values are expressed relative to uninfected 
controls, which are shown in Table 13. The lowest 
expression levels are considered to be equal to the 
sensitivities respectively. 
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Days post infection 
Fig. 30. Pattern of cytokine mRNA expression in the 
gerbil axillary lymph nodes during a primary infection 
of Brugia pahangi. The fold increase over control is 
used to represent the level of the cytokine gene 
expression. All values are expressed relative to 
uninfected controls, which are shown in Table 13. The 
lowest expression levels are considered to be equal to 
the sensitivities respectively. 
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product by nonradioactive means, reducing the potential 
hazard incurred by the use of radioactive isotopes. In 
order to control variabilities in both the RT and PCR 
steps, the internal standard used must be as close as 
possible in sequence to the target mRNA. Internal 
standards have been developed by others (Delidow et 
al., 1989; Gilliland et al., 1990; Henco and Heibey, 
1990; Bouaboula et al., 1992). Although tandem 
polycompetitors in a plasmid allow the use of a single 
reagent for different cytokine mRNA measurement 
(Kanangat et al., 1992), this approach does not take 
into account variations in RT efficiency incurred by 
the large difference between the competitor RNA and the 
wild type mRNA. The major drawback of using individual 
competitors as internal standards is the time necessary 
for the separate plasmid construction and RNA 
synthesis. However, these RNA internal standards all 
mimic their corresponding native genes, providing 
better error control. This method, the nucleotide 
standards developed, and the oligonucleotide primers 
and oligonucleotide probes used, will be useful to 
define cytokine expression profiles in a number of 
parasite diseases for which the gerbil serves as the 
most siutable, permissive host. These include, 
amoebiasis (Walsh, 1988; Cieslak et al., 1993; Zhang et 
al., 1994), giardiasis (Stibbs et al., 1990), 
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strongyloidiasis (Nolan et al., 1993) as well as 
filariasis (Klei, 1991; Lucius et al., 1991). 
During the initial response to infection, both IL-
2 and IL-5 mRNA were detected above background levels 
at 14 DPI. This has the character of a ThO like 
response. The cytokine expression profile shifts with 
time to that of a Th2 like response which is 
demonstrated by elevated expression of IL-4 and IL-10 
in the absence of IL-2 and IFN-y. This cytokine 
response corresponds to the decreased of 
lymphomprolifaration to worm antigen, reduced numbers 
of lymphthrombi, reduce size of renal lymph nodes, and 
a down regulation of pulmonary granulomatous 
inflammation (PGRN) to Brugia antigens (Klei et al., 
1988, 1990). This observation is consistent with the 
hypothesis formulated from studies of human patients, 
that the Th2 responses which occur during the chronic 
microfilarimic state, are responsible for the 
modulation of T-cell responses to worm antigens, and a 
reduction in the production of Thl cytokines by these 
cells when stimulated in vitro (King and Nutman, 1991; 
Mahanty and Nutman, 1995). This shift in gerbil 
cytokine response also corresponds to the maturation of 
the infection and the increase in MF. However, other 
studies in gerbil demonstrated that microfilaremia is 
not necessary for maintenance of a hyporesponsive 
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cellular immune response (Bosshardt et al., 1995) and 
that induction is mediated by stages other than MF 
(Nasarre, unpublished data) including both male and 
female adult worms. Further, the shift to a down 
modulation state only occurs if parasites develop 
beyond the L4 stage. Together, these observation 
suggest that the early L3 and L4 stages, induce a 
responsive state characterized by expression of IL-2 
and IL-5. As the infection matures, cytokine expression 
begins to shift to Th2-type profile 28 to 56 DPI. 
Characterization of murine immune responses to 
different developmental stages of Brugia have been 
measured in different laboratories. The results of 
these studies vary dependent on the stage of the 
parasite used and the route of inoculation used (Klei, 
1991; Lawrence et al., 1994). These variations and 
different response may be due to the differences in 
susceptibility of the murine and gerbil hosts. 
Following the subcutaneous inoculation of Brugia 
pahangi L3 in gerbils, a large portion of larvae 
migrate rapidly to the spermatic cord lymphatics which 
are distal to the renal lymph nodes. Changes in 
cytokine gene expression were first seen in these lymph 
nodes, and subsequently in the spleen, followed by the 
axillary lymph nodes. These observations indicated a 
early compartmentalization of the immune response in 
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these draining lymph nodes. Similar phenomena were also 
seen in the cellular responses in the Brugia-gerbil 
model (Rao et al., in press), in the Brugia-dog model 
(Miller et al., 1991) and in the gastrointestinal 
nematode-mouse models (Kelly et al., 1991; Urban et 
al., 1992). 
The early expression of IL-5 at 14 DPI corresponds 
to a period of maximal eosinophilia induction in Brugia 
infected gerbils (McVay et al., 1990; Klei, 1991), 
which peaks at 2 8 DPI. The observation that IL-5 
increase in absence of other Th2 cytokines indicated 
that a differential and unconnected level of expression 
of these cytokines occur in this model system. 
Evidence emerging from field studies of human 
lymphatic filariasis indicates that IL-10 production in 
response to parasite antigens are associated with the 
hyporesponsiveness characteristic of the microfilaremic 
state and may mediate, to a large degree, the parasite 
antigen-specific anergy observed (Mahanty and Nutman, 
1995). The findings in this dissertation that IL-10 was 
expressed at elevated levels in chronic stage are 
coincident with the microfilaremia and down immune 
response (Fig. 1). In this regard, IL-10 may play the 
similar role in infected gerbils as in the human 
patients. Of course, the IL-10 secretion in the inbred 
gerbils is not as same as in human beings. The 
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consecutive expression of IL-10 in these normal animals 
(Table 13) maybe become one of the reasons why they are 
permissive to Brugia pahangi. IL-10 is produced by Th2 
cells, B cells and macrophages which have been shown to 
be in large numbers in these tissues (unpublished 
data). The IL-10 detected in normal gerbils may be from 
the B cells and macrophages. However, the IL-10 
expression would be inhibited during the early 
infection due to crossregulation of Thl like response 
by IFN-y and similar downregulatory cytokines which so 
far have not been identified yet. 
The absence of any demonstrable IFN-y expression 
during the early phase of the infection is unexpected, 
in light of the IL-2 response seen. However, IFN-y is 
only induced at low level in Con A-stimulated spleen 
cells (Table 11) and it is possible that this cytokine 
is naturally expressed at low levels in gerbils. This 
explanation seems to be supported by the similar 
observation that IFN-y secretion by lymphocytes was 
directly inhibited by IL-10 (d*Andrea et al., 1993). A 
parallel situation may exist in that gerbil IFN-y 
secretion during the acute infection may also inhibited 
by IL-10 which is shown elevated levels in the normal 
animals. Unpublished studies indicate that difficulty 
in produce macrophage activation factors using gerbil 
spleenocytes, and that gerbils are unusually 
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susceptible to Toxoplasma gondii, an intracellular 
pathogen as well as numerous other parasitic agents. 
Also, there is a possibility that measurements may have 
been taken after this cytokine was expressed, and IFN-y 
may only detected at elevated levels very early after 
infection as has been seen in Schistosome-infected mice 
(Boros, 1994; Pearce, 1995). To clarify these 
questions, further experiments will be required. 
In conclusion, the methods and reagents developed 
in this study are useful tools in investigation of 
gerbil cytokine gene expression. The data obtained 
support the hypothesis that Brugia induces a cytokine 
profile shift from a ThO type to Th2 type during the 
course of infection which corresponds to development 
and maturation of the parasite. This shift may be 
responsible for the changes seen in parasite associated 
immune responses and lesions which occur during the 
course of this infection. 
CHAPTER SEVEN 
SUMMARY 
The central objective of this dissertation was to 
describe the cytokine profile which developed during a 
primary infection of the filarial nematode Brugia 
pahangi in gerbils. Brugia infected gerbils are a 
laboratory model of human filariasis. This dissertation 
is composed of three major parts. First, the full 
length cDNAs of gerbil IL-2, IL-4, IL-5, IL-10 and IFN-
y, as well as two forms of gerbil HPRT cDNA were 
successfully isolated and molecularly characterized. 
Second, gerbil IL-2 was expressed in both eucaryotic 
and procaryotic systems where both expressed proteins 
demonstrated IL-2 activity. The expressed protein in 
the procaryotic system was used to produce neutralizing 
anti-gIL-2 antibodies in rabbits. Finally, a 
competitive RT-PCR ELISA was developed for measuring 
gerbil cytokine expression. This method was used to 
measure cytokine mRNA during a primary infection of 
Brugia pahangi. The results obtained support the 
initial hypothesis that primary infections of filariae 
induce an initial ThO or Thl like response which with 
time becomes a Th2 like response. 
Using cross-species PCR, inverse PCR, or RACE, and 
conventional PCR techniques, cloning of certain 
important gerbil cytokine cDNAs and HPRT cDNA was 
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achieved. These cytokines which include, IL-2, IL-4, 
IL-5, IL-10, and IFN-y, are useful in differentiation of 
the Thl and Th2 like responses. The numbers of the 
predicted amino acids coded by the open reading frames 
of gerbil IL-2, IL-4, IL-5, IL-10, IFN-y and HPRT are 
155, 143, 132, 178, 173, and 218 respectively, with 
calculated molecular weights of 17,601, 16,105, 15,163, 
20,661, 19,259, and 24,536 for their primary 
structures. These molecules demonstrated extensive 
similarities in nucleotide and amino acid sequence to 
those of mouse, rat, and human. Two forms of HPRT cDNA 
were discovered in the gerbils. The shorter form has a 
473-bp deletion at the end of 3' untranslated region 
when compared with the longer form. 
Gerbil IL-2 was expressed in both COS-7 cells and 
an E coli fusion protein expression systems. The 
functional character of IL-2 was determined using IL-2 
dependent murine CTLL-2 cells in a bioassay. Gerbil IL-
2 expressed in bacteria was separated from the maltose 
binding protein fusion portion by protease Xa cleavage, 
purified, and demonstrated to be pure by SDS-PAGE gel. 
IL-2 activity was detected in COS-7 cell supernate (832 
± 183 u/ml), the fusion protein (199 ± 20 u/ug protein) 
and the recombinant gerbil IL-2 (11,900 ± 85 u/ug 
protein). Anti-gIL-2 was produced by immunizing rabbits 
with the fusion protein. Antiserum diluted 1/200 
neutralized gIL-2 when tested in CTLL-2 cell bioassay 
system. 
A competitive RT-PCR ELISA for gerbil mRNA 
quantitation was developed. To establish this assay, 
the achieved tasks included; 1) creating mutant 
competitor RNAs derived from the isolated native 
cytokine cDNAs, 2) synthesis of a set of PCR specific 
oligonucleotide primers for each of these cytokines and 
for gerbil HPRT used as a control in these experiments, 
and 3) synthesis of specific oligonucleotide probes for 
each of the native cytokine cDNAs and these mutant 
competitors. This assay was initially used to measure 
cytokine expression (mRNA level) in lymph nodes and 
spleen of gerbils during a primary infection of Brugia 
pahangi. Increased levels of IL-2, and IL-5 were seen 
during the initial stages of the infection at 14 to 28 
days post-infection (DPI). An increase in IL-4 was 
first detected 2 8 DPI in renal lymph nodes and 
continued to increase during the infection. Increased 
levels of IL-10 were first seen in the spleen 56 DPI 
and in all tissues at 150 DPI. These initial results 
provide direct evidence for the hypothesis proposed. 
These immunological reagents plus the cytokine 
quantitation assay established here will allow 
advancements in the understanding of immunologic 
responses seen in filariasis, using the gerbil-Brugia 
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model. These methodologies also will expand the 
usefulness of this unique laboratory animal, in studies 
of other diseases. 
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